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The place of INDERAL (propranolol 
hydrochloride) among the standard drugs for the 
treatment of disturbed cardiac rhythm has been 
frequently reaffirmed throughout seven years of 


— Clinical use. In fact, after withdrawal of digitalis, 


“it may be the treatment of choice for 
digitalis-induced arrhythmias, provided 


in the inner circle of 
Inderal stands out 





INDERAL protects the heart from undesirable 
catecholamine stimulation through its beta blocking 
action. Propranolol occupies the beta-receptor 
sites, making them unavailable to the beta- 
adrenergic stimulating effects of catecholamines. 
INDERAL is the first beta-adrenergic blocking agent 
in clinical cardiologic use. 


hypokalemia is not present.™ It has been widely 
used in selected supraventricular arrhythmias 
that have proved resistant to digitalis and in 
tachyarrhythmias precipitated by exercise, 
emotional stress, or undesirable sympathetic 
stimulation;and it is also effective in controlling 
supraventricular tachyarrhythmias related to the 
Wolff-Parkinson-White syndrome? 


“In paroxysmal atrial tachycardia, the drug 
slows the ventricular rate, and also is 
valuable in restoring the heart to a 
regular sinus rhythm. '? "Paroxysme 
atrial tachycardia induced by ex 
ercise...has uniformly beer 
prevented by propranolol,’ anc 
results with INDERAL inthe 
Wolff-Parkinson-White syn- 
drome '...have been favorable 
in all but afew patients reportes 
This condition appears to be 
one of the more definite indi- 
cations for propranolol.” * 


paroxysmal 
atrial tachyca (dia 
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"Sinustachycardiainduced by stress 
...may be inappropriate to the needs 
of the patient and, in fact, may be 
causing symptoms of itself. If the 
clinical situation does not sug- 
gest a needed compensatory 
sinus tachycardia and the heart 
rate is indeed inappropriate, 
treatment with propranolol has 
been successful. '* 
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tachycardias 
and arrhythmias 
due to OO 


Although propranolol may accomplish only the 
reduction of the heart rate in hyperthyroidism, it has 
proved useful for this purpose. Sinus tachycardia 

in hyperthyroidism which causes symptoms 

may be relieved by the administration of 

propranolol before definitive therapy... The 

author has observed that atrial fibrillation 
complicating hyperthyroidism was easily terminated 
using modest doses of propranolol. * 
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In cases of atrial premature beats frequent 
enough that they could herald the onset 
of atrial fibrillation, it has been 
recommended that propranolol be used 
after other measures have 

failed to control the beats * 


antiarrhythmia agents 


for supraventricular arrhythmias 


atrial H utter "In the presence of atrial flutter, ventricular rate 
is often difficult to control, and, as with an atrial 

fibrillation, propranolol hydrochloride 

should be added when the flutter 
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ed trial h Ori | la tion “One salutary effect of propranolol is slowing of 
the ventricular rate in atrial flutter and fibrilla- 

tion. *In a review of the literature, it 

was noted that most patients with 
fibrillation not controlled by digi- 
talis alone experienced slowing 
of the ventricular rate after admin- 
istration of propranolol and a few 


2 ie P : reverted to sinus rhythm." 
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and for tachyarrhythmias 









“Propranolol is very effective in treating 
arrhythmias caused by digitalis excess. Its use ——————M——1—— h —— 
in this setting may be limited by the presence of 4 | eu bgend Shaan aes epee reas r2 peau gene: 
significant congestive heart failure or heart i ELT rH" 
block, both of which can be potentiated by f ned. 
propranolol. However, if given in small doses 7 MERE sage CIEBHIDU apes pesos sappa sean 
with careful monitoring, itis often of great SEE = = strat ta em bs pases paces eau 
value in the treatment of digitalis toxicity. ° : 
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helps prevent or control 


catecholamine-induced BETA-BLOCKADE/INDERAL” 


(propranolol hydrochloride) 


cardiac arrhythmias 


of digitalis intoxication 


(See last page of advertisement for prescribing information.) 
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| BEFORE USING INDERAL (PROPRANOLOL HYDRO- 
CHLORIDE), THE PHYSICIAN SHOULD BE THOROUGHLY 
- FAMILIAR WITH THE BASIC CONCEPT OF ADRENERGIC 
RECEPTORS {ALPHA AND BETA) AND THE PHARMA- 
. C0LOGY OF THIS DRUG. 


-— INDICATIONS: 

- Cardiac Arrhythmias 

D Vice arrhythmias 

a) Paroxysmal atrial tachycardias, particularly those arrhythmias 

a induced by catecholamines or digitalis or associated with the 

Pe "i Wolff-Parkinson-White syndrome. (See W-P-W under 
-WARNI NINGS.) 
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m by Persistent sinus tachycardia which is non-compensatory and 
— impairs the well-being of the patient. 

5 . €) Tachycardias and arrhythmias due to thyrotoxicosis when 

E^ ~ causing distress or increased hazard and when immediate 

: oo Sip is necessary as adjunctive, short term (2-4 weeks) 
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s Té MED éd with, but not in place of, specific therapy. (See 
Mori under WARNINGS.) 
sistant, vii ue which impair the well- ‘being 





contr Merit alone, orwhen View is contraindicated. 
tricular tachycardias 
ntricular arrhythmias do not respond to propranolol as predict- 
: ably as do the supraventricular arrhythmias. 
| Ventricular tachycardias 
- With the exception of those induced by catecholamines or 
* digitalis, INDERAL is not the drug of first choice. In critical 
- Situations when cardioversion technics or other drugs are not 
ut, indicated or are not effective, INDERAL may be considered. If, 
after idonee of the risks involved, INDERAL is used, it 
i ACA intravenously in low dosage and very slowly. 
eg en DOSAGE AND ADMINISTRATION.) Care m the administra- 
dre of INDERAL with constant electrocardiographic monitoring 
ds essential as the failing heart requires some sympathetic 
A id for maintenance of myocardial tone. 
b) Persistent premature ventricular extrasystoles which do not 
d to conventional measures and impair the well-being 
E oit e patient. 
V faehvanifhmias of digitalis intoxication 
- If digitalis-induced tachyarrhythmias persist following discon- 
is oan  tinuance of s and correction of electrolyte abnormalities, 
-. theyare usually reversible with ora/ INDERAL.Severe bradycardia 
.. may occur. (See OVERDOSAGE OR EXAGGERATED RESPONSE.) 
i Intravenous propranolol hydrochloride is reserved for life- 
threatening arrhythmias, Temporary maintenance with oral 
E. E therapy may be indicated. (See DOSAGE AND ADMINISTRATION. 
ES 4. )Resistant tachyarrhythmias due to excessive catecholamine 
AU 
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action during anesthesia. 
-. Tachyarrhythmias due to excessive catecholamine action during 
- anesthesia may sometimes arise because of release of endo- 
genous catecholamines or administration of catecholamines. 
E _ When usual measures fail in such arrhythmias, INDERAL may be 
RE. k -given intravenously to abolish them. All genera! inhalation 
s - anesthetics produce some degree of myocardial depression. 
. Therefore, when INDERAL is used to treat arrhythmias during 
Beas M ie it should be used with extreme caution and constant 
E FA ECG and central venous pressure monitoring. (See WARNINGS.) 
É Hypertrophic Subaortic Stenosis 
INDERAL is useful in the management of hypertrophic subaortic 
- Stenosis, especially for treatment of exertional or other stress- 
. induced angina, palpitations, and syncope. INDERAL also improves 
-exercise performance. The effectiveness of INDERAL in this disease 
- . appears to be due to a reduction of the elevated outflow pressure 
gradient which is exacerbated by beta receptor stimulation. Clinical 
improvement may be temporary. 
Pheochromocytoma 
After primary treatment with an alpha-adrenergic blocking agent 
has been instituted, INDERAL may be useful as adjunctive therapy if 
the control of nehy becomes necessary before or during 
surgery. 
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It is hazardous to use INDERAL unless alpha-adrenergic blocking 
drugs are already in use, since this would predispose to serious 
blood pressure elevation. Blocking only the peripheral dilator (beta) 
action of epinephrine leaves its constrictor (alpha) action unopposed. 

In the event of hemorrhage or shock, there is a disadvantage in 
having both beta and alpha blockade since the combination prevents 
the increase in heart rate and peripheral vasoconstriction needed 
to maintain blood pressure. 

With inoperable or metastatic pheochromocytoma, INDERAL may 
be useful as an adjunct to the management of symptoms due to 
excessive beta receptor stimulation. 

CONTRAINDICATIONS: INDERAL is contraindicated in: 1} bronchial 
asthma; 2) allergic rhinitis during the pollen season; 3) sinus 
bradycardia and greater than first degree block; 4) cardiogenic 
shock: 5) right ventricular failure secondary to pulmonary hyperten- 
sion; 6) congestive heart failure (see WARNINGS) unless the failure 
is secondary to a tachyarrhythmia treatable with INDERAL; 7) in 
patients on adrenergic-augmenting psychotropic drugs (including 
MAO inhibitors), and during the two week withdrawal period from 
such drugs. 

WARNINGS: CARDIAC FAILURE: Sympathetic stimulation is a vital 
component supporting circulatory function in congestive heart 
failure, and inhibition with beta-blockade always carries the poten- 
tial hazard of further depressing myocardial contractility and 
precipitating cardiac failure. INDERAL acts selectively without 
abolishing the inotropic action of digitalis on the heart muscle {/.e. 
that of supporting the strength of myocardial contractions). How- 
ever, the inotropic action of digitalis may be reduced by INDERAL's 
opposite inotropic effect. The effect of INDERAL and digitalis are 
additive in depressing AV conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued 
depression of the myocardium over a period of time can, in some 
cases, lead to cardiac failure. In rare instances, this has been 
observed during INOERAL therapy. Therefore, at the first sign or 
symptom of impending cardiac failure, patients should be fully 
digitalized, and the response observed closely: (a) if cardiac failure 
continues, INDERAL therapy must be immediately withdrawn; (b) if 
tachyarrhythmia is being controlled, patients should be main- 
tained on combined dosage and the patient closely followed until 
threat of cardiac failure is over. 

IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects 
from long term use have not been adequately appraised. Special 
consideration should be given to propranolol's potential for aggra- 
vating congestive heart failure. Propranolol may mask the clinical 
signs of continuing hyperthyroidism or complications and give a 
false impression of improvement. Prepranolol does not distort 
thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several 
cases have been reported in which, after propranolol, the tachy- 
cardia was replaced by a severe bradycardia requiring a demand 
pacemaker. In one case this resulted after an initial dose of 5 mg. 
propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that require cate- 
cholamine release for maintenance of adequate cardiac function, 
beta blockade will impair the desired inotropic effect. Therefore, 
INDERAL should be titrated carefully when administered for 
arrhythmias occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade im- 
pairs the ability of the heart to respand to reflex stimuli. For this 
reason, with the exception of pheochromocytoma, INDERAL should 
be withdrawn 48 hours prior to surgery, at which time all chemical 
and physiologic effects are gone according to available evidence. 
However, in case of emergency surgery, since INDERAL is a competi- 
tive inhibitor of beta receptor agonists, its effects can be reversed 
by administration of such agents, e.g. iseproterenol or levarterenol. 
However, such patients may be subject to protracted severe hypo- 
tension. Difficulty in restarting and maintaining the heart beat has 
also been reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (E.g. 
CHRONIC BRONCHITIS, EMPHYSEMA), INDERAL should be admin- 
istered with caution since it may block bronchodilation produced by 
endogenous and exogenous catecholamine stimulation of beta 
receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of 
its beta-adrenergic blocking activity, INDERAL may prevent the 
appearance of premonitory signs and symptoms (pulse rate and 
pressure changes) of acute hypoglycemia. Especially important 
with labile diabetics. 

USE IN PREGNANCY: The safe use of INDERAL in human preg- 
nancy has not been established. Use of any drug in pregnancy or 
women of childbearing potential requires that the possible risk to 
mother and/or fetus be weighed against the expected therapeutic 


benefit. 

PRECAUTIONS: Patients receiving catecholamine depleting drugs 
such as reserpine should be closely observed if INDERAL is admin- 
istered. The added catecholamine blocking action of this drug may 
then produce an excessive reduction af the resting sympathetic 
nervous activity. Occasionally, the pharmacologic activity of INDERAL 
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may produce hypotension and/or marked bradycardia resulting in 
vertigo, syncopal attacks, ororthostatic hypotension. 

When discontinuance of chronically administered INDERAL is 
planned, the dosage should be gradually reduced aver a period of 
several weeks and the patient should continue to be carefully 
monitored. There have been reports of myocardial infarction 
occurring in angina pectoris patients following abrupt discon- 
finuation of INDERAL therapy. 

As with any new drug given over prolonged periods, laboratory 
parameters should be observed at regular intervals. The drug should 
be used with caution in patients with impaired renal .or hepatic 
functicn. 

ADVERSE REACTIONS: Cardiovascular: bradycardia; congestive 
heart failure; intensification of AV block: hypotension; paresthesia 
of hands; arterial insufficiency, usually of the Raynaud type; 
thrombocytopenic purpura. 

Central Nervous System: lightheadedness; mental depression 
manifested by insomnia, lassitude, weakness, fatigue; reversible 
mental depression progressing to catatonia; visual disturbances; 
hallucinations; an acute reversible syndrome characterized by dis- 
orientation for time and place, short term memory loss, emotional 
lability slightly clouded sensorium, and decreased performance on 
neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal 
cramping, diarrhea, constipation 

Allergic: pharyngitis and agranulocytosis, erythematous rash, 
fever combined with aching and sore throat, laryngospasm and 
respiratory distress 

esgiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, 
thrombocytopenic purpura 

Miscellaneous: reversible alopecia 

Clinrcal Laboratory Test Findings: Elevated blood urea levels in 
patients with severe heart disease, elevated serum transaminase, 
alkaline phosphatase, lactate dehydrogenase 
DOSAGE AND ADMINISTRATION: The oral route of administra- 
tion is preferred. 

ORAL 


ARRHYTHMIAS —10-30 mg. three or four times daily, before 
meals and at bedtime. 

HYPERTROPHIC SUBAORTIC STENOSIS— 20-40 mg. three or 
four times daily, before meals and at bedtime. 

PHEJCHROMOCYTOMA — Preaperatively—80 mg. daily in 
divided doses tor three days prior to surgery, concomitantly with an 
alpha-edrenergic blocking agent. 

— Management of inoperable tumor—30 mg. daily in divided doses. 
PEDIATRIC DOSAGE 

At this time the data on the use of the drug in this age group are 
teo limited to permit adequate directions for use. 
INTRAVENOUS 

Intravenous administration is reserved for life-threatening 
arrhythmias or those occurring under anesthesia. The usual dose is 
from 1 to 3 mg. administered under careful manitoring, &.g. . 
electrocardiographic, central venous pressure. The rate of admin- 
istration should not exceed | mg. (1 cc.) per minute to diminish the 
possibi ity of lowering blood pressure and causing cardiac stand- 
still. Sufficient time should be allowed for the drug to reach the site 
of acticn even when a slow circulation is present. |! necessary, a 
second dose may be given after two minutes. Thereafter, additional 
drug should not be given in less than four hours. Additional 
INDERAL should not be given when the desired alteration in rate 
and/or rhythm is áchieved. 

Transference to oral therapy should be made as soon as possible. 
OVERDOSAGE OR EXAGGERATED RESPONSE: IN THE EVENT 
OF OVERDOSASE OR EXAGGERATED RESPONSE, THE FOLLOWING 
MEASURES SHOULD BE EMPLOYED: BRADYCARDIA—ADMIN- 
ISTER ATROPINE (0.25 to 1.0 mg.): IF THERE IS NO RESPONSE 
TOVAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSA™ 

CARDIAC FAILURE — DIGITALIZATION AND DIURETICS 

HYPOTENSION—VASOPRESSORS, e.g. LEVARTERENOL OR 
EPINEPHRINE sas IS EVIDENCE THAT EPINEPHRINE*IS THE 
DRUG OF CHOICE.) 

Ng aded ISOPROTERENO. AND AMINO- 
PHYLLI 
HOW SUPPLIED: INDERAL (propranolo! hydrochloride) TABLETS 
No. 461 —Eachtablet contains 10 mg. of propranolol nydrochloride, 
in bottles of 100 and 1,000. 
No. 464 — Each tablet contains 40 mg. of propranolol hydrochloride, 
in bottles of 100 and 1,000. 
INJECTABLE No. 3265— Each cc. contains 1 mg. ef propranolol 
hydrochloride in Water for Injection. The pH is adjusted with citric 
acid. Supplied as: 1 cc. ampuls in boxes of 10. 
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predictable patient response... 
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Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 
has developed. 
Precautions: If the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 
the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 
— - Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
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PREFACE. 





Background of the Study 


FORREST H. ADAMS, MD, FACC 
. Principal Investigator 


Beginning in June 1967 the National Heart and Lung 
Institute supported a study conducted by the Sub- 
Board of Pediatric Cardiology of the American Board 
of Pediatrics entitled “Evaluation of Pediatric Cardi- 
ology: Training and Testing." That study involving 
all of the diplomates of the Sub-Board of Pediatric 
Cardiology had three major goals: to define the pro- 
fessional roles and essential competence of the pedi- 
atric cardiologist, to develop and evaluate approaches 
for assessing the competence of the pediatric cardiol- 
ogist, and to determine the broad objectives of train- 
ing programs in pediatric cardiology. 

From the outset, the Sub-Board of Pediatric Car- 
diology realized that professional competence in 
medical education relevant to testing techniques and 
evaluation would be necessary for the successful com- 
pletion of the project. Accordingly, a subcontract for 
appropriate portions of the work was let to the Divi- 
sion of Research in Medical Education, University of 
Southern California School of Medicine (DRME), 
- under the direction of Dr. Stephen Abrahamson. 
— That study, the first of its kind of medical specialists, 

proved to be very successful; 93 percent of the diplo- 
. mates participated in various aspects. Subsequently, 
several papers were published describing the findings 
of the study including an assessment of the manpow- 
er and training requirements in the field of pediatric 
 cardiology.!-? 
It occurred to several of us involved in the study of 
.. pediatric cardiologists that the techniques utilized in 
. it could be applied to other specialty groups. As an 
officer of the American College of Cardiology, I real- 
- ized how little we in the College knew about our col- 
leagues in adult cardiology. We knew relatively little 
about their primary training in cardiology and how 
= well this training was meeting their professional 
needs. Such information seemed vital to continuing 
education programs such as those offered by the vari- 
ous professional societies as well as the universities. 
Most of us could only guess what most cardiologists 
did with their professional time, and what they con- 
sidered to be gaps in their knowledge and expertise. 
Furthermore, no one possessed all of the names and 
addresses of the training programs in cardiology in 
the United States. Likewise, nothing was known re- 
garding the content, quality and duration of training 
offered by each of the institutions or how many train- 
ing positions were available. Finally, it was apparent 
that we needed much more information about the na- 


—— 0 


tional and regional distribution of cardiologists if we 
were to be of assistance in “Building a National 
Health-Care System." 4 

To provide the study with a broad base of exper- 
tise and orientation, it was deemed advisable to es- 
tablish an Advisory Committee under my chairman- 
ship consisting of persons representing the major 
professional groups interested in cardiology. Accord- 
ingly, the following organizations agreed to be repre- 
sented by the individuals listed under each: 


American College of Cardiology 
H. J. C. Swan, MD, FACC 
American Heart Association 
Walter H. Pritchard, MD 
American College of Chest Physicians 
Alfred Soffer, MD, FACC 
Association of University Cardiologists 
W. Proctor Harvey, MD, FACC 
Subspecialty Board in Cardiovascular Disease 
Noble O. Fowler, MD, FACC 


Because the Division of Research in Medical Edu- 
cation, University of Southern California School of 
Medicine, had been so successful in assisting the pe- 
diatric cardiologists to obtain answers to their ques- 
tions, the Advisory Committee invited them (DRME) 
to assist in this second study of specialists in adult 
cardiology. Dr. Abrahamson and members of his staff 
at DRME were already well acquainted with many of 
the terms, concepts and problems of cardiclogists 
from the first study. Thus, they accepted the invita- 
tion to assist the American College of Cardiology in 
conducting certain phases of the study, and a subcon- 
tract for appropriate portions of the work was let to 
them. 

Eventually two members of the Advisory Commit- 
tee were replaced by others from the same organiza- 
tion. Walter H. Abelmann, MD replaced W. Proc 
Harvey, MD and Ray W. Gifford, Jr., MD replace, 
Alfred Soffer, MD. In the final phases of the study, 
the Advisory Committee received considerable help 
and guidance from two additional cardiologists: Her- 
bert N. Hultgren, MD, Chairman, Subspecialty 
Board in Cardiovascular Disease, and Henry D. Mc- 
Intosh, MD, President-Elect, American College of 
Cardiology. - 

Throughout the entire study, Mr. Robert C. Men- 
denhall, Associate Project Director, was the incividu- 
al most responsible for the development of the survey 
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instruments and for analysis of the data generated by . Advisory Committee. Dr. Peter L. Frommer, Project 
them. Mr. William D. Nelligan, Executive Director of ^ Officer, National Heart and Lung Institute, and 


the American College of Cardiology, organized, at- -~ members of his staff also contributed significantly to 
tended and contributed to all of the meetings. of He . all phases of the study. 
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SUMMARY 





Findings and Recommendations * 


1. The American College of Cardiology sought and 
obtained a contract with the National Heart and 
Lung Institute, National Institutes of Health, for the 
following purposes: to define the current professional 
roles of cardiologists concerned with adult cardiovas- 
cular disease; to determine the objectives of training 
programs in cardiology; to consider the current and 
future manpower needs for cardiologists; and to de- 
termine their current and future needs for education. 
The study began on June 30, 1971 and was completed 
on October 31, 1973. 

2. The research methods used in this investigation 
were comprehensive, and included four different data 
collection procedures: 

a. An initial classification questionnaire. This 
provided the base-line data regarding practice char- 
acteristics against which information gathered later 
could be compared and from which final decisions 
about sampling design for other studies could be 
made. The questionnaire was sent to 12,175 individu- 
als; the response rate was 77 percent. | 

b. A log-diary of activities. 'This was used to ob- 
tain detailed information about cardiologists' profes- 
sional activities. We believe that it was the most use- 
ful of the study instruments employed in the study of 
cardiologists. The diary form was sent to a stratified 
random sample of 656 cardiologists; the response rate 
was 63 percent. 

c. A training experience questionnaire. Cardiolo- 

gists' training experiences and their perceived needs 
were obtained through a detailed questionnaire sent 
to a stratified random sample of 2,619 cardiologists; 
the response rate was 76 percent. 
-~ d. Training programs questionnaire. This was 
sent out to 534 heads of departments of medicine 
with residencies in internal medicine approved by the 
. American Medical Association. Institutions provid- 
ing cardiovascular training of at least 1 year's dura- 
tion were asked to respond. Nonresponding institu- 
tions were contacted by telephone, and the cardio- 
vascular training program directors were asked to de- 
scribe program content, objectives, capabilities and 
staffing. In this manner, 329 cardiovascular training 
programs were identified and, of these, 190 programs 
(58 percent) returned the survey instruments. 

The methodology used in this study, if applied pe- 
riodically, would yield a data base from which trends 
could be determined as an aid to future planning. 


* We make these recommendations fully cognizant of the fact 
that changes were underway during the course of the study and their 
effect has not been (Indeed cannot be) estimated. 


a [< 
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3. There were 10,691 cardiologists in active prac- 
tice in the United States and approximately 1,000 in 
training in December 1971. This gives a ratio of 5.6 
cardiologists per 100,000 population. Countrywide, 
the number of cardiologists in relation to medical 
specialists lies within a fairly narrow range of 5 to 7 
percent although the distribution of all physicians 
varies greatly throughout the country. Their numbers 
seem to be distributed about equally between the 
Primary Cardiologist (devoting more than 50 percent 
of time to the practice of cardiology) and the Secon- 
dary Cardiologist. Approximately 70 percent are of- 
fice-based outside institutions and about 50 percent 
of all cardiologists are certified in internal medicine 
and 10 percent certified in cardiovascular disease. 

Per population density, cardiologists are irregular- 
ly distributed, tending to concentrate in the metro- 
politan centers of the Northeast, Middle Atlantic and 
Pacific regions. These areas contain the large cities 
having the heaviest concentration of medical schools. 
The East South Central, West South Central and 
West North Central regions contain significantly 
fewer cardiologists per 100,000 population. 

On the basis of a cardiologist-to-population ratio 
of 6 per 100,000 in all geographic areas, it is projected 
that approximately 4,600 more cardiologists are. 
needed by the end of 1976. The present maldistribu- 
tion of cardiologists is not likely to be alleviated by 
additional trainees unless an effective incentive plan 
can be devised. Other factors that may potentially 
alter the projected needs are not reflected in this pro- 
jection, 

4, Four general profiles of cardiologists were iden- 
tified on the basis of types of activity: Primary Non- 
institutional, Secondary Noninstitutional, Primary 
Institutional and Secondary Institutional. Clearly, 
specific activities extend from one category to anoth- 
er, but the general activities appear to differ to a de- 
gree sufficient to justify separation. These four divi-, 
sions of cardiologists described by the survey can 
perhaps be identified by more appropriate terms 
than Institutional or Noninstitutional, Primary À 
Secondary. Thus, we have looked on the Noninstit 
tional Primary Cardiologist as the Clinical Cardiolo- 
gist, and the Secondary Noninstitutional Cardiolo- 
gist as the Internist-Cardiologist. The Institutional 
Primary Cardiologists devoting more than 50 percent 
of time to problems of cardiovascular disease, includ- 
ing the utilization of new techniques, might be de- 
scribed under the term Cardiac Specialist. The Insti- 
tutional Secondary Cardiologist is more difficult to 
identify under a single title but might include both 


the Academic Cardiologist with an interest in re- 
search and teaching and those physicians labeled 
"other" who might have an important specific activi- - 
ty such as cardiac rehabilitation. A brief conceptual. 


description of the functions and activities of these E 


four categories of cardiologists is described i in the re- 
port. s 


that offer at least 1 year of organized training in car- 
diovascular disease within an approved internal med- 


icine training program. These programs have an aver- — 
age of four trainees per program. Approximately ' TELS 


trainees completed their training in 1972 and 791 | 
trainees did so in 1973. 


Training facilities in the United States TM ex- E 


‘panded over the past 10 years and, on the basis of - 


training directors’ estimates, will continue to do so. It 


is possible to accept 58 percent more trainees during - 


the next 5 years. Clearly, to achieve this would re- t 


quire increased funding. b. "eh E 


A shortage of staff members prédenitly exists. in 5 


many training programs. Twenty-nine percent | of | 


programs have an average of two staff positions bud- — - 
geted but unfilled—a total of approximately 150 to D 


180 positions. If training programs expand over a 5- 
year period (1973 to 1978) to increase the number of | 
trainees by 58 percent, an average of 2. 6 additional | 
staff members will be required for each program. 


This is an increase of approximately 800 to 850 new E 


staff members. b) 
The present system for izatams cardiologists i in TM 


United States should be continued, taking into ac- — 


count the recommendations of the Subspecialty - 
Board in Cardiovascular Disease. Federal support for | 


training certain groups of cardiologists, particularly - ! 


the Academic Cardiologist (Secondary Institutional), — 
should be continued at a rate commensurate wh 


population changes and related demands m trained Wd 


d 


cardiologists. PTAR 

The cardiology training oda of internists Jd. 
generalists (Secondary Noninstitutional) should. be. 
continually evaluated and their training within- Bin. 
grams of internal medicine modified accordingly. | 

Programs need to make a clear differentiation | 
among the four types of cardiologist being trained, 
with the numbers trained adjusted to Eeeeraphit a area 


ny 
" "T 


5. There are 329 programs in Tm United States S 


requirements. Future planning should take cogni- ) 


. zance of the need for different programs to train dif- 


ferent types of cardiologists. A few programs should 
be directed toward training Academic Cardiologists 
whereas many more will be needed for training Clini- 
cal and Internist-Cardiologists. Thought should be 
given to program content and duration to achieve a 
broader spectrum of training programs throughout 


. the country to meet the needs indicated by the study. 


. This will allow a new look at training program pro- 


. files, direction and content, better identify those pro- 


grams that need federal funding, and provide for the — 


. training of the different kinds of cardiologists indi- — 
. cated in the study. 


Directors of cardiology training programs should 


. receive continuing information about the needs of 


their graduates, including a copy of this study report 
and reports from the American Board of Internal - 
Medicine regarding areas of deficiency in cardiovas- 
. cular training based on the results of examination of 
their trainees; they should also participate in an an- 
nual meeting with directors of similar programs. 

6. The continuing education needs of cardiologists 


are currently varied and diverse. They appear to be 


influenced by the type and content of their original 


. training, their role and their age. In the future, con- 


 tinuing education needs will be influenced by the role 
of certification and recertification in a national 
. health care system, regional considerations, advances 
in medical knowledge and stable funding. 

7. The standards for cardiovascular diagnosis and - 
Poo centers developed by the American Heart 
J Association and the Inter- Society Commission for 


Heart Disease Resources should be implemented. 
.. &. This study provides, for the first time, data that — 


furnish an estimate of present and future manpower 
. needs for cardiologists in the fields of patient care, 
teaching and research within the United States. The 
data collected provide a description of the current 


practice of cardiology and identify deficiencies in ex- — 


isting training programs in cardiology. Further, this 
study projects the future activities of cardiologists, 
and thus will aid in planning training experiences for 
them. The data collected should be of value to indi- 
. viduals, hospitals, universities, governmental- agen- 


ES cies and voluntary health agencies. 
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CHAPTER 1 
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Development of the Study 


FORREST H. ADAMS, MD, FACC 
“STEPHEN ABRAHAMSON, PhD 
ROBERT C. MENDENHALL, MS 


Background of the Problem 


"Cardiovascular disease, particularly atherosclerosis, 
represents today the greatest and most important 
health problem in the United States as well as in 
many parts of the world. Cardiovascular disease ac- 
counts for over one half the deaths in the United 
States. Every male American at age 20 years has one 
- chance in five of having a heart attack (usually myo- 
cardial infarction) before age 60. It is estimated that 
- over 14.6 million American adults have definite heart 
disease, and an additional 13.0 million have suspect- 
ed heart disease. This represents 25 percent of the 
adult American population.? 

= Each year approximately 250,000 of the deaths 
"from heart disease occur in persons under age 65 
years, with men and women affected in a ratio of 3.5 
to 1.3 Thus, this disease often appears during the 
‘most productive years. It has been stated that the 
_ cost to society of patients with cardiovascular disease 
- is in excess of $40 billion annually.? It is obvious that 
the total loss to the nation is incalculable. On the 
- basis of present knowledge, it is a realistic premise 
that cardiovascular disease in this country will in- 
-crease rather than decrease. 

Recently introduced methods in the diagnosis and 
treatment of cardiovascular diseases will be effective 
only if skilled physicians and other personnel become 
available to deliver optimal health care. Support for 
teaching and research activities must proceed in par- 
 allel. Urgently needed is an evaluation of manpower 
requirements in cardiology to make these benefits 
available to all. 

' The officers of the American College of Cardiology 
have long realized how limited our knowledge is re- 
garding cardiologists: their training, their continuing 
. education needs, their roles, their competencies and 
- their locations and types of practice. Furthermore, 
- there has been no complete list of training programs 
- in cardiology in the United States and thus the con- 
tent, quality, duration of training and number of po- 
sitions offered have been unknown. 

— Thus, the American College of Cardiology in April 
1971 sought and obtained a contract with the Nation- 
al Heart and Lung Institute, National Institutes of 
Health, for the following purposes: to define the cur- 
rent professional roles of the cardiologist, to deter- 
mine the objectives of training programs in cardiolo- 
gy, to determine the current and future manpower 


m: «4 


needs of cardiologists, and to determine the current 
and future educational needs of cardiologists. The 
study began on June 30, 1971 and was completed on 
October 31, 1973. 


Organizational Approach to the Problem 


In its proposal to the National Heart and Lung In- 
stitute, the American College of Cardiology recog- 
nized that such a study would be most effective as a 
blueprint for change if it had a Principal Investigator 
and an Advisory Committee whose members were 
broadly representative of major societies and organi- 
zations concerned with cardiovascular disease. The 
Advisory Committee thus included members from 
each of the following organizations: American College 
of Cardiology, American Heart Association, Ameri- 
can College of Chest Physicians, Association of Uni- 
versity Cardiologists, and the Subspecialty Board in 
Cardiovascular Disease. Furthermore, it was part of 
the overall project plan from its inception to consult 
with the American Medical Association and the 
American Board of Internal Medicine as the study 
progressed for advice in certain areas and for infor- 
mation that might enhance the study. 

The American College of Cardiology sought a re- 
search organization that had previously worked in 
the area of physician manpower and assessment and 
chose the Division of Research in Medical Education 
(DRME) of the University of Southern California 
School of Medicine as its principal research resource 
because DRME had performed a similar study of pe- 
diatric cardiology. The overall research plan pro- 
posed was developed jointly by the American College 
of Cardiology and DRME. 


Organizational Relationships 


The American College of Cardiology through its 
Principal Investigator had responsibility for the proj 
ect throughout the phases of development, imple- 
mentation and analysis. The Advisory Committee 
participated in design of the survey instruments, pro- 
vided counsel regarding the number and types of car- 
diologists or institutions, or both, to be included in 
each study phase and recommended the level of anal- 
vsis given to each study. The Advisory Committee 
did so in recognition of the fact that after the data 
were collected, it was their responsibility to generate 
evaluative statements and conclusions. 
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After the agreements reached with the American 
College of Cardiology's Principal Investigator and the 
Advisory Committee, the DRME Cardiology Project 
Staff under a subcontract designed the studies, test- 
ed the instruments and provided the data deemed 
most appropriate to the study's goals. Thus, although 
the data were obtained by DRME from study designs 
that they developed, the ultimate responsibility for 
the conclusions and recommendations is that of the 
A American College of Cardiology. 


Study Populations 


Cardiologists: For the purpose of the study, cardi- 
ologists were defined as all physicians who were one 
or more of the following: physicians listed by the 
American Medical Association as having either a pri- 
mary or secondary specialty interest in cardiovascu- 
lar disease, fellows of the American College of Cardi- 
ology, fellows of the Council of Clinical Cardiology of 
the American Heart Association and diplomates of 
the Subspecialty Board in Cardiovascular Disease. 
Radiologists, surgeons, pediatric cardiologists and 
pathologists were excluded even if they met one of 
these criteria. It was recognized that such a listing of 
cardiologists would be quite redundant; however, one 
study objective was to identify all cardiologists and 
therefore redundancy was acceptable. The resultant 
roster of 12,175 cardiologists in active practice, in 
training and retired included 10,691 in active practice 
of whom less than 3 percent came from sources other 
than the listing of the American Medical Association. 

Cardiovascular training programs: These were 
defined as full-time programs of at least 1 year's du- 
ration. This definition was developed when it became 
"apparent that there were no listings of cardiovascular 
training programs and there were no criteria for de- 
termining which programs offered experiences of the 
variety and depth that might reasonably prepare a 
physician for certification in cardiology. The poten- 
tial source for training programs was provided by the 
American Medical Association and consisted of all 
534 institutions in the United States with approved 
residencies in internal medicine. It was assumed that 
very few cardiovascular training programs would be 
- found in institutions that did not have an approved 
training program in internal medicine. This study 
discovered 329 institutions involved in cardiovascular 
o training. 


Study Focus and Methods 


The major information in this study was sought 
from all active cardiologists and all cardiology train- 
ing programs in the United States. The cardiologists 
were ultimately classified into a number of subgroups 
for various types of analyses. Two major groups were 
empirically defined as Primary Cardiologists (those 
practicing cardiology more than 50 percent of their 
time) and Secondary Cardiologists (those practicing 
cardiology less than 50 percent of their time). The 
Advisory Committee also agreed to examine secon- 
dary data (that is, information not generated by the 
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invdiiidatibna) when buch data could reasonably en- i 


hance their recommendations. 


The methods employed in the investigation were 1 


proved behavioral science techniques: questionnaires, — 
log-diaries, content analyses and interviews. The — 


| 


most successful specific study designs involved ques- — 


tionnaires and a log-diary. The latter instrument is . 


uniquely suited to this type of study. 
Study Designs 


| 


| 


With a major study premise being that those who j 


provide services to patients, perform research, pro- | 


vide teaching and design and carry out the training d 


programs are the best possible source of data regard- — 


ing both current practices and immediate and future 
needs, a research plan was developed that drew al- . 


most exclusively on these individuals and institutions. 


1 


for data. The cardiologists participated in three — 
study phases: an initial classification questionnaire to — 


all; a log-diary to a stratified random sample; and a 


questionnaire on training experiences and needs toa 


stratified random sample. 


| 


All cardiology training programs participated ei- . 
ther through completion of a detailed questionnaire 3 
or through an interview conducted by telephone. De- — 


tailed study design considerations will be discussed 
in the next chapter. Our investigations generated - 


much information regarding training programs that — 
exceeded the needs of the Advisory Committee. A 
data base was created that could profitably be ex- 


ploited for purposes beyond the requirements of this, 
study. 


Study Design Process 


At the very beginning, the Advisory Committee — 4 
participated directly with the DRME Project Staff i ini 


identifying the appropriate areas of investigation for . 


each study phase. The Project Staff then develop i | 


an initial set of questions for obtaining information. — 


The questions were reviewed and altered by the Ad- — 
visory Committee and the National Heart and Lung ~ 
Institute Project Officer and then the particular . 


study instrument was given its final format. Upon - 
completion of this review, the particular instrument. b 
with its sampling rationale was sent to the federal Of- — 


fice of Management Budget for its review and assign- 


ment of a survey control number. The Office of Man- 7 
agement Budget also made recommendations that - 


were incorporated into the final design. Although . 


4 
|| 


these procedures may appear unduly complicated . 


and complex, they had the positive effect of involving . 
all interested parties in the details of the survey de- — 
sign process. The process consumed many months ; 


and required preparation of several drafts of each- 
study instrument. | 


Summary 


This study provides, for the first time, data that — 


furnish an estimate of present and future manpower 
needs for cardiologists in the fields of patient care, 
teaching and research within the United States. The ' 


? ~e 
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data collected provide a description of the current 
practice of cardiology and identify deficiencies in ex- 
isting training programs in cardiology. Further, this 
study projects the future activities of cardiologists, 
and thus will aid in planning training and experience 

for them. The data collected should be of value to in- 


dividuals, hospitals, universities, governmental agen- 
cies and voluntary health agencies that are concerned 
with providing administrative, financial and educa- 
tional support for training programs in cardiology 
and that require cardiologists for patient care, teach- 
ing and research activities. 
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CHAPTER 2 


Study Research Design 
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Study Conceptual Design 
The research objectives discussed in the preceding 


- chapter and a series of related research questions es- 


tablished the general characteristics of the overall re- 
search design. In the area of manpower or training re- 
quirements, the following information related to car- 





diologists was considered essential— particularly 
those factors relating to the cardiologist's actual - 
practice: 


1. Type(s) of patients treated and their cardiovascular 
disorders. 

2. Methods employed in patient’treatment and manage- 
ment. 

3. Degree to which the particular practice involved re- 
search and/or teaching and the topics involved. 

4. Allocation of cardiologists' time to professionally re- 
lated activities. | 

5. Adequacy of preparatory training and continuing edu- 
cation opportunities as viewed by cardiologists. 

6. Adequacy of the supportive facilities (personnel and — 
equipment) as viewed by cardiologists. 

7. Areas of practice in which cardiologists believe their 
training was (and is) deficient. 

8. Assessment of manpower adequacy and needs by car- 
diologists and training program directors. 


In the area of training programs, the study focused 
on: 


. Characteristics and content of training programs. 
. Qualifications of training program staffs. 

. Resources to support training programs. 

. Current and anticipated trainee graduate rates. 

. Continuing education programs. 


Om ON em 


Four unique study designs and associated survey 
instruments were developed and used to obtain infor- 
mation in each of the areas enumerated. Certain ana- 
lytical descriptors and content items were used in 
more than one study, either in identical form or in a 
form that could be converted to a common form. This — 
was done to permit comparisons among responses of . 
the same participants to common questions asked in 
different study designs. This conceptual design strat- _ 
egy permitted refinements to estimates that would . 
not otherwise have been possible. The relation of 
study methods and designs to the study's objectives 
and research questions is shown in Table I. The col- 


umn “Advisory Committee" denotes both an infor- - 


mation source and the source of final interpretation 
of study findings. | 

Classification criteria and analytical variables: 
From the outset, it was recognized that the propor- . 
tion of time given to cardiology and the type of prac- 
tice arrangement would be important analytical vari- 
ables. Ten variables that describe practices of cardi- 
ologists and four that describe training programs 


i =~: 
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were used as primary study classification and analy- 
sis variables. By “primary variable" we simply mean 
that the variable was used as a dimension in the con- 
text of one or more major analyses. 

The primary variables used in cardiologist analy- 
ses were: proportion of time devoted to cardiology, 


certification and memberships, practice mode or em- 


TABLE | | | | 
Study Objectives Related to Contributing Data Sources and Study Designs d 


Cardi- -— 


 Oologist Secondary 
Sources 


Study Objectives and Related Research Questions oe Lists Fa 


Define Current Professional Roles 
Professional activities 
Total time to professional activities 
Total cardiology professional time 
Number of patients seen 
Number of patients with cardiac | 
diagnoses 
Number of patients without cardiac 
diagnoses 
Patient demography 
Typology of cardiac conditions : 
Typology of noncardiac conditions 
Patients seen by cardiologist as a 
consultant | 
Patients seen by cardiologist 
as primary care physician 
Index of cardiologist skills | 
Cardiologist's use of time 
Cardiologist's optimal time use 
Cardiologist's preparation and 
certifications regarding services 
Proportion of cardiac population to 
be seen by cardiologists 
Professional roles description * 
Determine Training Program Objectives 
Identify training programs 
Distribution and number of programs 
Program characteristics 
Program plans and objectives 
. Training program assessment 
Determine Current and Future 
Cardiologist Manpower Needs 
Distribution of cardiologists’ 
specialty, practice, age, 
cerification status 
Number of cardiologists trained _ 
Number of cardiologists in training 
Future training plans 
Optimal cardiologist population 
ratios 
Determine Current and Future 
Cardiologist Education Needs 
Cardiologists’ assessments 
Training directors’ assessments 
Evaluation of assessments 


- 


Initial CD CD 
= Survey Log-Diary Survey Survey 


ployment arrangements, age (chronologic and related 
to year of MD degree or certifications, or both; size of 
medical community served, distance patients travel 
to care, patient sources (own and referral); profes- 
sional time commitments, patient diagnoses es pri- 
mary or secondary cardiac conditions, and geographic 
location of cardiologists’ practices. 


t 


a 


[Information Sources 


CD Training Training Advisory 
Training Programs Programs Com- 
Directors Interviews mittee 
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The primary variables specific to training pro- 
gram analyses were: size of training programs (num- 
ber of trainees, training staffs), usual length of train- 
ing programs, required time in programs by program 
length in months, and geographic location. 

The total study design: Determination of the eli- 
gible study population and the development of the 
overall study design were parallel activities. These 
were followed by three studies addressed to practic- 
. ing cardiologists and a two-stage study addressed to 
the institutions that train them. 'The study's princi- 
. pal phases will be described sequentially. 


Phase I: Definition of the Study Population 


The American Medical Association's Physician 
Biographical File, listing physicians who classified 
themselves as either “primary” or "secondary" in 
cardiology, constituted the master file against which 
society, college, association and subspecialty board 
membership lists were checked for names that might 
need to be added to the file. Active, retired and in- 
training activity categories were included in this ini- 
tial listing. Of the 12,175 names and addresses finally 
obtained from all sources, all but about 300 were con- 
tained in the AMA file. Since both “retired” (inac- 
tive) and in-training statuses are subject to change, 
the entire list of 12,175 was considered the eligible 
population for the initial survey even though the 
_ study's interests were limited to cardiologists in ac- 
tive practice. 


Phase Il: Identification of Cardiologists by Type 
and Activity Status—Initial Cardiology Survey 


The study objectives were to determine (1) the 
strata within the specialty practice that should be 
studied in depth, and (2) the geographic distribution 
of cardiologists by specialty and other related factors 


TABLE II 


- STUDY RESEARCH DESIGN—MENDENHALL BI AL. ` 


such as age, types of certification and practice ar- 
rangements. The distribution statistics, along with 
the data provided by the AMA regarding location of 
cardiologists, would be used to answer the question, 
“Where are cardiologists practicing?" Statistics re- - 
lated to types of patient care, research and teaching, 
cardiologic procedures utilized, professional activities 
and practice arrangements were expected to define 
the types of cardiologists for subsequent study phas- 
es. 

The survey instrument, designed as a classification 
questionnaire, was a one page form that obtained in- 
formation in the following areas: 


1. Time in primary and secondary specialty. 

2. Year medical degree received. 

3. Estimate of the population within the diket S 
service area. 

4. Professional time in general activity categories. 

5. Patient sources and distances patients travel to care. 

6. Employment arrangements. 

7. Performance of selected cardiologic activities. 


The study population for this classification phase - 
consisted of all 12,175 cardiologists identified as eligi- - 
ble members of the cardiologist population. Sampling - 
was not employed because of the need (1) to identify 
the active cardiologists as accurately as possible for 
subsequent study phases, and (2) to increase the con- 
fidence in the estimates that would be made regard- - 
ing actual geographic location of practicing cardiolo- 
gists. : 
'The field study procedures involved three ailias vA 
of the study instrument with appropriate explanato- 
ry letters, with first class, return postage guaranteed - 
envelopes enclosed. The study produced an excellent | 
rate of return when “nondeliverables” are taken into 
account. Inclusion of the entire eligible population in - 
this study allowed us to pinpoint classification shifts . 


Participating Cardiologist by Age Groups Compared with AMA Physician File Age Groups 














Age Groups 
Responding Cardiologists Under 40 Years 40-59 Years 60 and Over Total 
Usable returns 
Active cardiologists 2,024 3,908 1,371 7,303 
Trainees 398 24 2 424 
Nonusable returns 
° Nondeliverable 250 233 412 895 
S Nonuse 129 203 142 474 
Retired ; LAS 206 206 
Deceased 10 46 56 
Total respondents 2,801 4,378 2,179 9,358 
% of total 29.9 46.8 23.3 100.0 
AMA Physician File 3,667 5,684 2,793 12,144 
95 of Total 30.2 46.8 23.0 100.0 
Active respondents with usable data 2,024 3, 908 1,371 7,303 
96 of total 27.7 53.5 18.8 100.0 


p24, 103 
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. of about 1 percent. Approximately 77 percent of all 
. those surveyed responded and 80 percent of the ac- 
. tive cardiologists responded.! | 


: Errors in estimates attributable to sampling are not an 

. issue in this instance. However, before considering the pos- 

_ sible effects of nonresponse, it should be noted that if the 

` at ,303 respondents whose questionnaires were usable were 

umed to constitute a random sample of the 10,691 active 

| UR alokiets identified during this phase, the sampling 

t error (standard error for estimating population percentages 

from sample percentages) would be less than 1/2 of 1 per- 

- cent. With sampling error effectively eliminated, the ques- 

. tion remains, "Are there characteristics attributable to the 

. 20 percent who did not respond that should be taken into 

. account before concluding that the respondents truly rep- 

resent the total population?" The data provided by the 

_ AMA on the entire cardiologist file were compared with the 

` data for those cardiologists who responded to the survey. 

. Table II presents one of the comparisons made for cardiol- 

+ ogists by age groups. Differences in the two populations 

- would be expected i in either the younger age group (cardiol- 

- ogists still in training or just completing training) and the 

E older age group (retirement not previously known). From 

- inspection, there are no important differences between the 

- entire population and the respondents to the survey in age 

d _ groups. Comparisons between the entire population and 

- the survey respondents with respect to geographic location 

y showed negligible differences. We concluded from these 

- analyses that the cardiologists who responded adequately 

: represented the total population of paniliojoginte at the 
level of differentiation to be used in the study.? 


8. Phase Ill: Log-Diary Study of Professional 
be .. Activities—Cardiology Professional Diary 


- The study objectives were to obtain detailed prac- 
3; ithe related data from a representative sample of car- 
T  diologists, selected from four types of cardiologist 
- practice. Patient care data as well as a full enumera- 
- tion of professional and nonprofessional activities 
. during assigned recording periods were considered 
necessary for specification of what cardiologists ac- 
tually do. The log-diary was designed to obtain: 


Js 1. Precise measures of time committed to professional 

. activities described in the cardiologist's own words. 

id Precise measures of time devoted to each patient 
_ transaction, and teaching and research as they occurred. 

8. Essential data to generate patient profiles, which by 
lie of either their reported frequency or the methods 
employed in patient management associated with patient 

. problems might suggest potential training areas. 

4. Assessment of the extent to which the cardiologist is 
_ practicing as a specialist or generalist, through analysis of 
his patient statistics regarding clinical problems and refer- 
. ral time. 

55. ‘Comprehensive statistics (by type of cardiologist) on 
the prevalence of cardiac and noncardiac disorders within 
the practice of physicians classified as cardiologists. 

: 6. Indexes of types of teaching and research activity by 
type of cardiologist. 

7. Information to validate data obtained through the 
Initial Cardiology Survey. 


The study instrument was acd. to accommodate the 
practices of physicians whose commitment to cardiovascu- 
lar problems ranged from a relatively minor to an almost 
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exclusive involvement. With the exception of the “Activity 
Overview” section—a general narrative activity summary 
section for recording all types of professional activities—all 
significant data regarding the various patient transactions 
were recorded in symbol form by selecting from a set of 
classification categories. Similar specificity was obtained 
regarding the physician’s teaching and research activities. 

The instrument design enhanced its use; organized in 
five sections with each color coded and of increasing page 
width so that the physician could easily turn from one sec- 
tion to another depending upon his need, the entire form 
was of a size that fit conveniently in a man’s suit pocket (or 
white laboratory coat) for ease of portability. A sample 
diary was provided that contained illustrative “typical” 
entries for each section as well as detailed instructions re- 
garding the recordings and participation time period. 

The level of detail in recording was established by the 
Advisory Committee who were not satisfied with merely 
knowing that a patient was "seen" during a specific time 
period for cardiac or noncardiac reasons. Their desire was 
to be able to identify each patient by (1) age, (2) sex, (3) 
ethnic group, (4) distance traveled to care, (5) status as a 
new or former patient, and (6) the physician's view as to 
whether the patient was “his” patient or a patient treated 
after referral. Similarly, specificity was desired for the di- 
agnostic conditions in order to create a disease-specific pro- 
file that included both noncardiac and cardiac disorders 
and further indicated which of these was primary. Fourteen 
noncardiac and 19 cardiac problems were provided as num- 
bered choices for the cardiologist to use in describing his 
patients. The section on treatment and/or disposition pro- 
vided less specificity, offering only eight numbered choices. 
The cardiologist was instructed to use as many of the non- 
cardiac, cardiac and treatment/disposition choices as were 
appropriate for each patient. 

Diagnostic testing choices were sufficiently large to re- 
quire a special form. Some undesirable redundancy re- 
sulted since "ordered tests" appeared on the patient prob- 
lem summary form with the details of those tests recorded - 
on the laboratory and diagnostic test form. Ideally, the two 
forms would be combined; however, the design constraint 
to make the overall form simple and of portable size re- 
quired a separate sheet. Seventeen diagnostic test choices 
were provided with an associated numerical symbol to 
identify location on the recording form. An alphabetical 
symbol was used for the actual recording to denote the 
physician's role in each of the tests recorded. Selected pa- 
tient descriptors were included in this form to assist in 
linking the two sets of patient-related data. 

Alphabetical and numerical symbols were employed in 
both the teaching and research forms to describe the sa- 
lient characteristics of these activities. In addition, a brief 
descriptive phrase regarding each recorded activity was ob- 
tained. Figure 1 depicts the relation of each of the five re- 
cording forms.? 1 


The Study Strata 


The initial classification questionnaire was used to 
identify general practice characteristics including 
such elements as (1) perceived allocation of time to 
patient care, teaching, research, administration and 
other professional activities; (2) distribution of pa- 
tients according to (a) distance traveled to receive 
care, and (b) status of the patient, as a referral or 
nonreferral; (3) an indication of types of procedures 
employed in the practice (selected to represent de- 
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grees of complexity in performance); (4) a time esti- analysis. These four empirically defined cardiologist 

mate of involvement in various practice arrange- types were used in all three cardiologist studies. The 

ments. types and their proportionate distribution within the 
From analyses of these variables it was concluded study population were: 

that for the log-diary study of what actually OCCHE red 1. Primary Cardiologists in a noninstitutional practice 

within a practice, activities of four groupings differed setting (approximately 37 percent of the study population), 

sufficiently to justify identification and independent 2. Secondary Cardiologists in a noninstitutional practice 


USE FOR ALL ACTIVITIES EXCEPT FOR DETAILS REGARDING CLINICAL, TEACHING AND RESEARCH 


DATE: / 2/ 7/ 72 SUMMARY FOR DAY: 


Administrative, Professional, Personal, Travel, Patients, 
Laboratory, Teaching, Research, Vacation. (See examples opposite this page) 










TIME for 
ACTIVITY 


WRITE A PHRASE DESCRIBING EACH ACTIVITY 


END 
[949 52e Read ECCS yn Heart Station 


USE TO RECORD PATIENT CLINICAL PROBLEMS AND THEIR DISPOSITION EXCEPT FOR TESTS | 


H3AO ALIAILIV 

























































DATE: 1p /y 7/74, PATIENT DISCRIPTORS PROBLEMS (Dx) and DISPOSITION If Seen On 
From Records Use Numbered Categories from CODING KEY Rounds, ICU 
> TIME for pute 
za ACTIVITY General Dx Cardiac Dx Rx and/or » Pu 
5 non-cardiac Action à LÀ T, 
- o : o e 0,’ A vy 
Q v/^o O Q; 50/* 9, 
ay 
a res" 200 RLS sho sl. a l1 D 
USE TO RECORD CLINICAL TEST ORDERED, PERFORMED AND INTERPRETED 
TE. PATIENT 
DATE: ZO /) 7 RECORD ALL TESTS PERFORMEO IN NUMBERED COLUMNS 
vA / 7 2 DESCRIPTORS Refer to numbered list on opposite page 
TIME for nds 
ACTIVITY FOR EACH TEST PERFORMED, indicate whether you 
A- ORDERED it; 8 - PERFORMED it; C- INTERPRETED it 
P & 
© A 
(P & 43, A 11 12 13 14 15 16 17 


Co END / Y 2. 34755 AB T7 Bw 9. 10 
(o 
sl az | æla -jaje eL | | | | it | | IIIi 


USE TO RECORD AND DESCRIBE YOUR RESEARCH 


CHECK AND RECORD FOR ALL APPLICABLE CATEGORIES 
involving , Location , Utilizing Your Role Team 







RESEARCH PROBLEM 














Brief descriptive statement 







TIME for 

ACTIVITY 

(Amplify on opposite -page 
if more space is needed) 


olen rhe a | lolol 


USE TO RECORD AND DESCRIBE YOUR TEACHING 


























SETTING 
Record all used 


TEACHING LEVEL and TOPIC 


TIME for 
ACTIVITY 





Describe in a phrase 


Begin End 


Momia [lacing and abhac 
oo 
[rebel Jaleel e Deom o pasan cez 


FIGURE 1. Log-diary recording format. 
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setting (approximately 41 percent of the study population). 
8. Primary Cardiologists in an institutional practice set- 
-. ting (approximately 16 percent of the study population). 
4. Secondary Cardiologists in an institutional practice 
setting (approximately 6 percent of the study population). 


Sampling plans were formulated to select participants in 
sufficient numbers to permit independent analysis of each 
of the four types of cardiologist with the same (or approxi- 
_ mately the same) probable error attributable to sampling.‘ 

— In all instances, the returns by type of cardiologist were 
. greater than the minimum allowed for in the study plan. A 


- 65 percent rate of return was achieved with 56 percent us- 


able for all analytic purposes. 

The effects of nonresponse on study conclusions were 
estimated by examination of all known and potential 
sources of bias since these might affect the four types of 
- cardiologist respondents. The effect of geographic factors 
was examined as well. By comparing the respondents and 
nonrespondents along common dimensions from the data 
furnished by the Initial Cardiology Survey and the AMA 
and, in turn, comparing respondents and nonrespondents 


with the population of 10,691 respondents to the Initial 


Survey questionnaire, it was concluded that the data were 
not significantly biased at the primary sampling level—the 
level of the four types of cardiologist. There were some dif- 
ferences worth noting: those more heavily involved in car- 
diology had a higher rate of response; younger physicians 
were more responsive; solo and hospital-based practitioners 
were less responsive than group practitioners. Table III 
compares the respective populations by geographic loca- 
tion. 

Sampling errors: These depend upon the type of sam- 
pling plan; in our study, the four strata (types of cardiolo- 
gist) were sampled on the basis of a stratification plan that 
was intended to yield the same probable errors for each 
stratum, assuming comparable return rates. Samples were 
drawn from each of the four strata so that the standard 
error for estimating percentages within each stratum would 
be a maximum of 5 percent under the most conservative as- 
- sumptions, Actual errors could be anticipated to be some- 
- — what lower.’ 

For individual strata, the probable errors were: 
= L. Between 4 and 5 percent for sampled percentages in 
mid-range (30 to 70 percent). 

2. Between 3 and 4 percent for sampled percentages in 
the ranges of 15 to 30 and 70 to 85 percent. 

3. Between 2 and 3 percent for sampled percentages 
from 5 to 15 and 85 to 95 percent. 

4. About I percent for extreme percentages. 


In the case of sample percentages for “All Cardiologists" 
(a weighted composite across strata), errors are expected to 
— be only about half as large as those for individual strata, 
- even assuming no gains from stratification. To the extent 
that sample percentages vary from stratum to stratum, as 
opposed to variation within the strata, error in the compos- 
ite data may be even lower. 


Phase IV: Cardiologists' Training, Training Needs 
and Practices Study —Cardiologists' Training 
Survey 

In this study, the project obtained data on the 
training cardiologists received before entering prac- 


tice, their assessment of needs for training and their 
assessment of the adequacy of cardiologic manpower 
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in their practice areas. This study and another in- 
volving the institutions that train cardiologists - 
(Phase V) provide direct assessments regarding the 
training matters of concern to the Advisory Commit- 


tee. 


Both studies asked the same questions regarding 
topics in training and similar questions in the area of — 


actual training completed. The design symmetry was 
incorporated to allow direct comparisons between the 


4 
d 


trainers’ required training and the trainees’ assess- 


ment of its adequacy in a practice setting. 


The study objectives were: 


1. To determine the amount of postdoctoral training 


(expressed in years) for residencies and fellowships. 


2. To verify initial estimates of the proportion of cardi- : 


ologists who are board-certified in either internal medicine 
or cardiology. 


3. To determine topical areas in which the cardiologist 
was trained, his assessment of relevancy of training to his — 


practice and his judgment regarding the training's impor- 
tance to others in practices similar to his. 


4. To determine his needs for continuing education: in - 


what areas, with what frequency and by what means. 
5. To obtain his assessment of manpower adequacy for 


both Primary and Secondary Cardiologists in his particular - 


geographic area. 


The study instrument was an 11 page questionnaire, de- 5 


signed to permit either recording of factual data (for exam- 


le, “where received residency training and number of . 
p b 7 


years in training") or checking of a response choice most | 


closely approaching the statement that would have been 


made had the question been open-ended. This procedure ` 


simplified the respondent's tasks and provided the project 
staff with uniform response data. The first three sections 


focused on characteristics of the cardiologist's current i 
practice and his training for practice. The fourth section . 


asked about continuing education—frequency of participa- _ 
tion and recommendations for programs. The fifth section _ 


asked for an assessment of manpower adequacy. The final — 


section invited narrative recommendations in either man- 
power or training areas. 


The study strata were the four types of cardiologist pre- - 


viously described, further divided into two age groups, 
those less than 40 and those 40 or more years old. The ra- 


tionale for the age division was the Committee's particular - 


interest in the training received by the younger age group, 
the presumed greater relevance of this group's assessments 
to current training programs and the fact that substantive 


changes have occurred during the past decade in formal - 


cardiovascular disease training programs. Because of the 


special importance of young cardiologists in assessing — 


training program adequacy, the sampling plan was de- 


signed to obtain more participants from this age group. 


In sampling,” eight study strata were created with those 
under age 40 sampled with the rate of maximal standard . 
error set at 3 percent and those over age 40 sampled at a — 


maximal standard error rate of 5 percent. 


The response rate? for the total study was 73 percent. As - 


m 


with the log-diary study, those most heavily committed to 
cardiology had the highest rate of response and more youn- — 


ger than older cardiologists responded. 

The relation of the respondent group to the sample, and 
in turn to the total cardiology population, is shown in 
Table IV. When the sample percentages are compared with 
those of the participants, the differences are inconsequen- 
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TABLE V 


Cardiology Training Survey: Expected Errors with Obtained 
Percentages 








Obtained 
Sample Percentages Expected Error 

_ Age group less than 40 years, 30-7095 2.0-2.5% 
.. mot including Secondary 15-29%, 71-85% 1.5-2.0% 
— Institutional*: 5-14%, 86-95% 1.0-1.5% 

% 5%, 95% 1.0% 
- Age group 40 years and over, 30-70% 3.0-4.0% 
= plus Secondary Institutional 15-29%, 71-85% 2.5-3.5% 
under 40 years 5-14%, 86-95% 1.5-2.5% 


5%, | 9596 1.096 





* Because Secondary Noninstitutional Cardiologists re- 


- sponded at a much lower rate than other groups within the 


younger age classification, errors associated with this group are 


.. en the same order of magnitude as those in the older classifica- 


tion. For percentages obtained for the weighted composite 
across strata (all cardiologists) expected errors range from 
about 1.0 percent in the midrange to less than 0.5 percent at the 
extremes. 


. tial. The differences between the sample and the line 
- "Training Population Stratum" are expected since the 
Middle Atlantic region has proportionately more older car- 
-. diologists and the South Atlantic region has proportionate- 
ly more younger cardiologists than other geographic divi- 
sions. 
Sampling errors expected for Cardiologists' Train- 
ing Survey data: The sampling plan discussion made the 
observation that conservative assumptions regarding ob- 
tained percentages could be expected to result in standard 
- errors substantially lower than the 5 percent used for cardi- 
.. ologists aged 60 years or more or the 3 percent used for car- 
diologists under age 40. Cemparatively lower error rates 
. were achieved in this study than in the log-diary study be- 
. cause of higher response rates in all age groups. The de- 
tailed error rates that could be expected for sampled per- 
. centages obtained from this survey are summarized in 
.. Table V. 


Phase V: Cardiovascular Training Programs 
Study — Institutional Survey 


“This study, addressed to institutions providing 
full-time cardiovascular training of at least 1 year's 
duration, consumed more Advisory Committee and 
DRME Project Staff time in its conception than any 
. of the other study phases. The time was required be- 
. cause (1) there was no existing list of institutions of- 
_ fering the type of training of interest, (2) there were 
. no formally accepted standards for such training pro- 
— grams, and (3) a compromise related to “desired level 
_ of detail" and “likely level of response" was required 
_ through each of the iterations of the study design—a 
_ problem never fully resolved to the satisfaction of all 
parties. | 

The resultant survey instrument was very complex, 
one that would readily be answered only by those 
who attached the same level of importance to it as 
was given by the investigators. None of the sections 
called for data that could be easily obtained from a 
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single source; most of them required compilation by 
the responding individuals. 
The objectives may be summarized as follows: 


1. To determine the number of cardiovascular training 
programs, their location and their affiliations with other in- 
stitutions. 

2. 'To determine the general characteristics of their fa- 
cilities and services with particular reference to those di- 
rectly applicable to cardiovascular disease training. 

3. To determine the composition of the training pro- 
gram staffs. 

4. To determine the qualifications of the training pro- 
gram staff and their relative time commitments to compo- 
nents of the training program. 

5. To determine criteria for admission to programs as 
well as opportunities available for training. 

6. To determine the training program director’s objec- 
tives for the training program: What does he believe his 
graduates are prepared to do? 

7. To determine who is trained by the cardiovascular 
training program staff with specific indication of required 
hours in designated topical and experience areas. | 

8. To determine sources of fiscal support for the train- 
ing program. 

9. To determine perception of adequacy of staff, poten- 
tial for program expansion, and the number of additional 
trainees that could be added (1) without staff increase and 
(2) with staff increase. 

10. To determine the type of continuing education pro- 
grams sponsored by the institution. 

11. To obtain recommendations for improvement of car- 
diovascular training programs. 


Survey Instrument 


The Cardiovascular Training Programs Survey incorpo- 
rated questions that Advisory Committee members be- 
lieved were necessary and that were of primary interest to 
the National Heart and Lung Institute. Questions related 
to types of training experience were obtained from a ques- 
tionnaire that the Subspecialty Board in Cardiovascular 
Disease had previously developed for their use in assessing 
the training experience of their candidates. The resultant 
data can be used by the Board as “base-line measures" of 
training they consider appropriate, if not required. The 
questions regarding continuing education reflect the spe- 
cial interest of the American College of Cardiology. Other . 
questions were uniformly interesting to the Advisory Com- 
mittee, National Heart and Lung Institute and the DRME 
Project Staff. 

Study population: The population was defined from a 
listing provided by the American Medical Association of all 
institutions with approved residencies in internal medicine. 
From this list of 534 hospitals and other agencies, it was ex- 
pected that the institutions providing cardiovascular train- 
ing of at least 1 year's duration could be identified. Al- 
though it was possible that this list might not encompass 
the study universe, the likelihood of important omissions 
was considered remote. The 534 listed institutions included 
528 hospitals and yielded 329 with training programs that 
met the study criteria. 

Field study methods: Two study objectives influenced 
the methods for data acquisition: the first, to obtain an ac- 
curate count of all cardiovascular training programs and 
their current number of trainees; the second, to obtain 
complete responses from as many institutions as possible. 

The survey form was mailed to all 534 potentially eligible : 
institutions. Nonresponding institutions were contacted by 


telephone and the chief of medicine or chief of cardiology 
(or both) was asked whether he had a program. If he had 
one, he was asked how many trainees were currently partic- 
ipating in that program. 

Characteristics of responding and nonresponding 
institutions: Response and nonresponse analyses are ex- 
tremely difficult to make in this instance because so few 
facts are known about the institutions that did not re- 
spond. The number of training institutions, the number of 
internal medicine residency positions and the number of 
trainees at the institutions constitute all that is known 
about each of the 329 programs. Any conclusions pertain- 
ing to the total population of 329, other than those just 
noted, must necessarily assume that either the nonrespon- 
dents are identical to the respondents or that they differ by 
only minor factors. The available data that apply to all 
training institutions suggest only minor differences be- 
tween respondents and nonrespondents. 


Training Program Configurations 


The 329 programs are describable in terms of their 
training arrangements with other training institu- 
tions. These configurations range from institutions 
that are totally self-contained (provide all of the 
training and have no affiliations) to institutions that 
provide some portion of the training and hence are 
*satellites" of a parent institution. Three categories 
of “primary” and one of “secondary” were identified 
in this study. They are: 

1. Primary Training Program: À training program 
with at least one cardiovascular trainee position that 
is independent of any other program and (a) lists no 
affiliations or dependent programs; or (b) lists affilia- 
tions of a staff exchange character with other pri- 
mary programs or medical schools, or both; or (c) lists 
at least one dependent (secondary) program and may 
or may not show an affiliation with other primary 
programs. 

2. Secondary Training Program: A cardiovascular 
training program that provides a portion of the 
trainee's total training receives its trainees from a 
primary program and provides this training as direct- 
ed by a primary program. 

The distribution of these three primary types of 
training programs and one secondary type, by insti- 
tutions responding to the survey form and those re- 
sponding only to telephone queries, is given in Table 
VI. A geographically oriented display of the location 
of the 329 training institutions is also relevant.? 


Errors Associated with Cardiovascular Training 
Prcgrams Survey Data 


The preceding section presented available information 
that applies both to the institutions responding to the 
questionnaire survey and to those responding only by tele- 
phene. It indicated minor differences in the two groups, 
none large enough to indicate that biases would result from 
working with the respondents' data only. 

Although there was no sampling for the Cardiovascular 
Training Programs Survey (all 534 eligible institutions 
were contacted and positive responses obtained), the fact 
that 57.8 percent of the institutions actually responded 
with survey questionnaire data makes it necessary to at- 
tempt to estimate the error associated with these data. 

There is insufficient information available on the non- 
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TABLE VI 


Cardiovascular Training Institutions: Affiliate Status by 
Respondent Classifications 











Question- 
naire Telephone 
Respondents Respondents All 
Type of Affiliation nü % VO 95 MO 24 
Primary with 4] 24. 25 18.0 72 21.9 
no affiliation 
Primary with 119 62.6 71 51.1 190 57.8 
primary affiliation 
Primary with 18 .9,.5."10 7.2 28/5 8:5 
secondary affiliation 
Secondary only 6 0.3.2. 33, 239.5..:99 ES 
Total 190 100.0 139 100.0 329 100.0 
TABLE VII 


Cardiovascular Training Program Survey: Estimated 
Respondent Errors 





Error Estimati 





Attributable 
to 
Respondents 
Compared 
with 
Study Stratum Number Population 
All training institutions 190 2.396 
Training programs of less than 51 4.5% 
24 months 
Training programs of 24 months 139 2.1% 
or more f 
Type | internal medicine 50 4.6% 
training programs 
Type Il internal medicine 91 3.3% 
training programs 
Type Ill internal medicine 49 4.7% 


training programs 





respondents to perform an analysis comparable to that pe 
formed for the Cardiology Professional Diary and Cardiol 
gists’ Training surveys. However, standard errors for pe 
centages derived from the Institutional Survey data can 1 
estimated under the assumption that the respondents rej 
resent a random sample drawn from the institutional pop! 
lation. | 

The data from the Institutional Survey were analyze 
according to the following groupings: (1) all responding ii 


- stitutions; (2) all responding institutions divided into tv 


groups based on length of training program; (3) all r 
sponding institutions divided into three groups based « 
size of program; and (4) all responding institutions divide 
into three units for program in size, and further divided | 
the two groupings for length of program. 

Since the subdivision of responding institutions resul 
in small numbers of responding institutions in the cat 
gory, errors would be expected to be larger for tl 
subgroups. These errors are shown in Table VII, and a 
made under the assumption that the respondents in ea 
group represent a random sample of that group. 
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If the programs are | divided by both size (three catego- 
- ries) and program length (two categories), then only the es- 
 timates for the large and moderate size programs of more 


_ than 24 months’ duration have error estimates comparable 
. to those noted for the 24 month programs. Divisions at this 


- fine a level should not be interpreted statistically; rather, 
| the interpretations should be limited to the trend differ- 


! ences as compared with those for either of the two types of 


- programs or for all programs. 


| | Refined Estimates in Cardiologists' Activity Times, 


Practice Characteristics and Proportions 
Board-Certified 


Time in professional activities and practice 


characteristics: The Initial Cardiology Survey and 
the Cardiology Professional Diary study obtained 
~ comparable data in professional activities and in such 
practice characteristics as referral and nonreferral 


* 


and distances patients travel for care. Comparison of 
_ the two information sources reveals a consistent ten- 
dency for the cardiologist to give higher estimates of 
"time spent on an activity than that recorded in the 
log-diary when the activity is one of prominent im- 


portance in his type of practice. For activities consid- 


ered of only minor importance, the estimate of time 
spent tends to be lower than that recorded. For ex- 
ample, research-oriented cardiologists estimate this 
activity time at 26 percent compared with a diary- 
- recorded time of 18 percent; data from others in non- 
- institutional settings differ by about 1 percent. Those 
in predominantly patient-care practice arrangements 


. overestimate that activity time whereas their institu- 


R 


- tional counterparts underestimate this time. The ef- 


fect of these differences is discussed in Chapter 4 of 


_ the reference document.” 


The differences may not be critical if the interest is 


only i in broadly descriptive information. However, if 


- the intent is to use these data in developing profiles 


"of professional activity used to create estimates of 


“effective cardiologist time" or to determine the pro- 
|. portion of cardiologists’ practices devoted to primary 
` and nonprimary care, then the log-diary data should 
—be used. Failure to do so would result in distorted 
- professional activity profiles. 

Cardiologists at year end 1971 and year end 
1973: Evidence from each of the study phases 
suggests that the age distribution for cardiologists at 
the end of 1971 was different from that at the end of 
1973. The distribution differs in important respects 
-from actuarial data!! projected for the end of 1976 
and from anticipated new cardiologists from the 
known training programs. The trend is for more 


young cardiologists to enter the active practice of car- . 


- diology than for others to leave it. The implications 
of this shift are discussed in Chapter 7 of the refer- 


ence document.!? 


The changes that should be noted at this time per- 
tain to percentages of cardiologists who are (1) 
board-certified in internal medicine or (2) subspeci- 
alty board-certified in cardiology, or both. | 

Cardiologists certified in internal medicine: 
The Initial Cardiology Survey indicated that ap- 


proximately 53 percent of all active cardiologists are 


* 
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board-certified. Sopa from the numbers of 
physicians certified by the American Board of Inter- 
nal Medicine during the 2 years and assuming that 
cardiologists account for about 15 percent of this 
total, one can estimate the probable number certified 
at year end 1973 to be 60 percent. | 

Cardiologists certified in cardiovascular dis- 
ease: The Initial Cardiology Survey indicates that 9.6 
percent of cardiologists are certified by the Subspeci- 
alty Board in Cardiovascular Disease. If one takes 
into account the statistics of the American Board of 
Internal Medicine for certification during this time 
period and the entries into and exits from active 
practice, the rate is probably no greater than 10 per- 
cent. It must be remembered that both percentages 
apply to the total cardiologist population—47 per- 
cent of whom spend less than 50 percent of their time 
in cardiology. 

Number of cardiologists on December 31, 1973: 
Actuarial statistics applied to the cardiologist popu- 
lation for forecasting changes were obtained from a 
study of physicians from 1967 through 2002.!! Esti- 
mates of cardiologists completing their training and 
presumably entering active practice as cardiologists 
were obtained from training program directors. 
These and related factors influencing the cardiologist 
population are utilized in the manpower estimates 
discussed in Chapter 7 of the reference document.!9 
The loss and gain factors applied to the 10,691 cardi- 
ologists in active practice at year end 1971 result in 
an estimated 11,768 in active practice at year end 
1973. 


Conclusions: Factors Relevant in the Use of Study 
Data for Manpower Projections 


This chapter has presented the methodologies em- 
ployed in the overall study and some estimates re- 
garding the utility of the data obtained. The purpose 
of the study, of course, was to obtain the necessary 
information (1) to estimate current deficiencies and 
needs, and (2) to create projections for the future. 
Many factors should enter into a comprehensive 
manpower projection equation. Some are relatively 
simple to postulate; others are beyond the scope of 
this study. Projections made for this report were lim- 
ited to ratios of manpower to population. 

Factors that should be taken into account include 
the following: | 


1. Inequalities in ratios of both Primary and Secon- 
dary cardiologists to population can be measured; and, 
based on the assumption that a particular ratio is mini- 
mum, the requirement to bring all areas of the country up 
to a standard can be computed. This technique has been 
used in this report. 


2. Changing national health objectives could have a 
major impact on manpower. The estimates of need made 
by the project staff have been based on providing an equi- 
table distribution of today's type of cardiovascular disease 
care, by making the numbers of trained cardiologists re- 
quired to achieve this equality available. For example, if 
*major attacks" on cardiovascular disease prevention and/ 
or isolation of all cases of early stage hypertension were a 
goal, then the number of cardiologists postulated to achieve 


7 fae 


national equality in ratios to population might not be 


enough. The "state of the art" in cardiovascular disease 
care potential has not been taken into account in DRME's 
- work but should, in our opinion, enter into the future plans 


for both acquisition of and location of cardiologists of each 
specialty and practice type. 


3. Changing the approach to health care services de- 
livery could alter the number required and the training 
that is given to the cardiologists who would be members of 
the alternative delivery systems. Greater efficiency and ser- 
vice effectiveness through alternative delivery modes are 


possible. This study did not make an in-depth analysis of 
either existing delivery modes within the United States or 
known or postulated delivery modes from other areas. A 
fruitful analysis in this area, now that an extensive statisti- 


cal data base regarding the principal facets of cardiovascu- 
lar care has been created, would be a productive next step. 


4. Demand for new and/or increased numbers of cardi- 
ologists will have a direct impact on the number who are 
required for (1) basic research and (2) teaching new cardi- 
ologists. The survey addressed to training institutions gives 
data regarding training directors' perceptions of (1) current 
unfilled needs, and (2) additional staff required to be re- 
sponsive to anticipated demands. The current estimates of 
unfilled needs are probably not debatable and thus should 


enter the needs equation as stated. The estimates of future 
needs, however, represent training directors' assessments 
of the volume they will be asked to assume in the near fu- 


ture and hence are probably colored by their perception of 
demand rather than actual need. Such future predictions 
should not be totally ignored; rather, they should be con- 


sidered as one element of many that enter the qualitative 
judgment regarding manpower needs. This was done in this 
report. 


5. Changing the access patterns for health care 


through such techniques as national health insurance will 
have a profound effect on manpower; no longer will it be a 
question of whether the individual can obtain the economic 
resources to elicit and receive his needed care. The research 
aspects of this study did not look into possible effects of 
such a change. 


6. Changing the method of payment to the physician 
(as well as the demands on his time) would have a signifi- 


OIUL/T MCOCANUON VCOA TIVNA ET GEO RS RUP rr 


cant effect on what was actually done. This study did not 
look into alternative health service delivery modalities. 
However, it is known that in systems such as are found in 
New Zealand, England and Scandinavia, ratios of physi- 
cians to population are quite different from those in the 
United States. 


7. Effective time devoted to cardiology for each type of 
cardiologist identified in this study could easily be calcu- 
lated by using the proportions identified through the Ini- 
tial Cardiology Survey and further refined in the Cardiolo- 
gy Professional Diary study. Such ratios or proportions 
could utilize the proportion of total time in selected activi- 
ties as well as the focus of that time on specific types of ac- 
tivity. In patient care, for example, the profile of patient 
problems seen and treated could be part of the time-activi- 
ty analysis. This was not done for this report because of 
funding limitations. 


8. Is there evidence to support the hypothesis that se- 
lected cardiovascular disease conditions are correlated 
with culturally produced factors, i.e., population density, 
environmental stresses and/or environmental pollution? H 
the answer is yes, then wherever such conditions can be iso- 
lated, the manpower-need projection should take these fac- 
tors into account. 


9. Most cardiac disease conditions increase in inci- 
dence with age. Differential population age composition 
where known, should be recognized in the needs equation. 


10. Certain cardiovascular disease conditions occur 
with greater frequency among men than among women 
and within specific age groups. Sex and age factors should 
be taken into account if there is evidence of differential 
rates in specific geographic areas. 


11. Unmet needs for cardiovascular disease care can be 
estimated from analysis of the needs that are met. Volumi: 
nous data of this type were obtained through the Cardiolo- 
gy Professional Diary study. Assuming it is possible to pos 
tulate a percentage of unmet needs based on needs tha: 
have been and are being met, one can estimate the incre 
mental increase in qualified cardiologists required to mee! 
all needs. The most difficult variable in this estimate is the 
one that indicates “these are the things which cardiologis! 
type one, cardiologist type two, etc., should do...” 
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Data Sources 


Five data sources are used repeatedly in the tables and fig- 
ures in this report. Rather than describe them each time they 
are used, they are noted as a “Source Number” on the par- 
ticular table or figure. The sources and the assigned numbers 


are: 

1. American Medical Association Physician Biographical File Sta- 
tistics related to cardiologists. 

2. Initial Cardiology Survey—sent to all cardiologists. 
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3. Cardiology Professional Diary—a sample of cardiologists. 


4. Cardiovascular Training Programs Survey—sent to 534 trair 
ing institutions of which 329 had cardiovascular training program 
meeting study criteria. 

5. Cardiologists’ Training Survey—a sample of cardiologists. 


Other references to data sources and reference sources ap 


pear on the table or figure with full notation. 


i 


CHAPTER 3 


Current Status of Manpower in Cardiology 


WALTER H. PRITCHARD, MD 
WALTER H. ABELMANN, MD, FACC 


B 


Cardiovascular disdnics represent a major Mak. 
problem in the United States and account for more - 
than 50 percent of the deaths. New methods of diag- 
nosis and treatment will be effective only if skilled _ 
physicians and other personnel are available to deliv- _ 


er optimal health care to patients with such illnesses. 


Thus, there is a need to identify the number of cardi- | 
ologists, the characteristics of their mode of practice, 
their qualifications, their regional distribution and 
other items of importance in understanding the pres- Sepa 
ent status of the manpower pool. The cardiologists : 
surveyed in this study probably care for only a limit- _ 


ed segment of the total number of patients seeking | 


care for cardiovascular problems. Primary care physi- - 
cians composed of general internists and practition- — 


TABLE I 


k 


ers probably care for at least as many patients with 
= heart disease as those treated by the cardiologists 
; represented i in this study. Cardiologists, however, are 
more concerned with patients having complex prob- 
 lems requiring sophisticated diagnostic and thera- 
| peutic procedures although they also give care to the 
= MER of patients seen by primary care physicians. | 


Total Physician Manpower in the United States 
To view in perspective the present studies of the 


3 giil of cardiology, information was collected 
eec e the total physician manpower pool now 


available for health care in the United States. This 


x information was obtained for certain broad catego- 
. ries, although it is recognized that more detailed 


» P 
E = 
ed an 


Indy 


Physician's (MD) Distribution pn" manes to Population": Census Division nby Selected Specialty Groupings 


X x. 


Ratios per 100, 000 Population | t 


mU 


un. 


National Total New iy . Middle Atlantic South Atlantic EastSouth Central 
Population zy | Population U Population . Population Population 
(205, 923 ,959) (100%) (11, 841 663) Sek 8% 3^ [i 199, 040) (18. 1%) (30,671 337) (14. 970 (12,803,470) (6.2%) 


Physician (MD) Specialty Groupingst = no Ratio A : W Ratio cane We Ratio - E no. Ratio no. Ratio 


4. weet 


All physicians (includes retired) 330,824 160.7 ^— 23,08. 1497.9. 74, 435 | 2001 48,585 158.4 14,036 


All active physicians eap ARP EL n XT E mer QC HEN 
Federal D AMI S. MNT 194 1,269 1,207 


Nonfederal 281,344 — 20,901 — 622590 37,560 12,155 

YN Total 310,845 . 150. 95. 21,876 184.7 70,444 . 44,829 . 13,362 

All active surgery | ERs $, Lc eS Rgs 

All active general practice 342-05 0. BRAT 

All active medical specialties pes eens ih aes 

Within medical specialties 166,855 — 8l. 
Primary cardiology f 5,661 
Internal medicine 3 


24,541 


> 
ba oM 


Qo t 
p 


Other specialties ae 


m 
| e i 


Primary cardiologyt 
Secondary cardiology i 
ud internal iil 1 


NUnpwnrm o Quo 


0 

3. 0 

20.3 

EN 

Internal medicine and cardiology AURA, 3 
UU t 

2.6 

her, 


mn 


* U.S. Bureau of the Census. U.S. Census of Population: 1970. PEPE) EPA Final Report PC (1)-A1 United States i VRE 

t Specialty groupings and data pertaining to all except cardiologists obtained from American Medical Association, Distribution of 
Physicians in the United States 1970. 

į Source 2. 
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studies have been and are being conducted by other 
specialty groups. | 

The population of the United States at the time of 
this study was approximately 206,000,000 people. As 
shown in Table I the total number of active physi- 
cians was estimated to be 311,000, giving a ratio of 
physicians per 100,000 population of 150.9. If this lat- 
ter figure is broadly reduced further, we find ratios of 
physicians per 100,000 population to be as follows: 
general practice 28.1, surgical specialties 41.8, and 
medical specialties 81.0. We have divided the country 


into nine census divisions excluding Puerto Rico and 


WW eet N ' VIF NE CR- ee te RM ———————— 


1. There are different total physician ratios to popula- 
tion in cénsus tracts of both high population and low popu- 
lation densities. 

2. There are certain similarities in total physician ratios 
in some areas of widely different population densities, i.e., 
East North Central, West North Central, West South Cen- 


TABLE II 


Distribution Ratios of Physicians to Population: Census 
Division By Selected Specialty Groupings* 











the Canal Zone. The latter division will be ignored Ratios per 100,000 Population 
because of likely differences in medical and patient Popula- Medical 
population practices. This Caribbean group repre- tion General Spe- 
sents only 1.3 percent of the total population. From Census Division (1,000) Total Practice cialists Surgery 
Table I we find the areas of greatest population in i 
order of magnitude are the East North Central, Mid- Middle Atlantic 37.2 189.4 28.2 110.8 50.3 
dle Atlantic, South Atlantic and Pacific regions. New England 11.8 184.7 25.7 109.9 19.2 
Thereafter, a distinct break in population density oc- Ae c Eua 26.5 181.3 35.9  — 97.0 i 
curs and fewer people are in the West South Central, RU TA Xp Medo Mo eae 
West North Central, East South Central, New En- OUREA 83.590 AUT TA MM 
hed iid M tai , ; East North Central 40.3 125.9 26.6 64.5 34.8 
Pe TRES A ORS, ; West North Central 16.3 124.5 28.9 61.6 340 
. Table II summarizes some of the important find- West South Central — 19.3 121.0 27.4 57.6 36.0 
ings relative to physician ratios by broad specialty EastSouth Central 12.8 104.4 24. 47.0 327 
areas and by census division. The table may be inter- 
preted as showing the following: * Sources 1 and 2. 
T GN OLR PTS Me QA Sg a Re A a a QUE a oe COLL EP TO RMT esa a DESI TSN Md occu er 
Ratios per 100,000 Population 
Sey RS UE SAP e cot NE RA HR BN CR Reece. DOE iud s a 2 RESP MA. We Be gC 0 no 
Puerto Rico, V.I., 
West-South Central ^ East-North Central © West-North Central Canal Zone 
Population Population Population Mountain Population Pacific Population Population 
(19,320,560) (9.4%) (40,252,476) (19.5%) (16,319,187) (7.9%) — (8,281,562) (4.0%) (26,522,631) (12.9%) (2,712,033) (1.3%) APO and FPO 
no. Ratio no. Ratio no. Ratio no. Ratio no. Ratio no. Ratio Count not available 
Cos Gat OPES 297 NIU ES a a eC DICES ee nr se ae IPSE EUSOR (SUBE Sls MeN TELE = Cie Taco te 
24,574 127.2 53,485 132.9 21,574 132.2 12747 153.9 51,942 195.8 6,008 221.5 Count not available 
2,910 2,504 1,484 1,466 4,552 3,430 
20,463 | 48,162 18,831 10,368 43,675 2,489 
23,373 121.0 50,666 125.9 20,315 124.5 11,834 142.9 48,227 181.3 5,919 218.2 
36.0 34.8 34.0 40.7 49.0 55.2 
27.4 26.6 28.9 30.7 35.9 42.2 
57.6 64.5 61.6 71.5 97.0 120.8 
11,125 57.6 25,965 64.5 10,059 61.6 5,923 71.5 25,718 97.0 3,278 120.8 
2. 2.2 1.8 2.7 3.4 24D 
13.2 16.2 16.5 16.2 23.5 24.9 
42.3 46.1 43.3 52.6 70.1 93.4 
15.3 18.4 18.3 18.9 26.9 27.4 
2.1 2.2 1.8 2.7 3.4 2.5 
1.7 2.0 1.8 1.8 2.7 1.5 
11.5 14.2 14.7 14.4 20.8 23.4 


$ “Other internal medicine” total is a little smaller than might be the case since 93 percent of our respondents were in this area rather 


than 100 percent. 


APO = Army Post Office; FPO = Fleet Post Office; V.I. = Virgin Islands. 
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TABLE Ill | | ‘ 
Distribution of Nation’s Cardiologists: Census Division by Activity Status and Specialty 


TE ETO AT ER LOL m UR E MEDII AVES OO M MM I re RU MS V PLE TE NE URP RL BS tape M dE I tg PRU Cd ee Pul ir 1X. d ne I 


Possessions 
APO/FPO 
Northeast South North Central Puerto 
ge ablato: c 07207 Mete REC I West Rico  . 
New East: West-  Eas- West- _.. — ...  WVl, APO 
| : National En- Middle ^ South South South North North Moun- Canal and 
Activity Status and Specialty Total gland Atlantic Atlantic Central Central Central Central tain Pacific Zone FPO 


a Ee 1: 00 RU RUD a a a REESE PBDERESS TUQUE le ne Ee we ee bd IMG SNO. "D GIG Lo e Sae 


Active cardiologists 


Primary, respondent 3,962 331 1,050 632 126 274 553 201 158 589 43 5 
Primary, nonrespondent 1,699 131 520 287 37 105 243 72 4l 238 22 3 
Subtotal 5,661* 462 1,570 919 163 379 796 | 273 | 199 827 65 8 
Secondary, respondent 3,341 249 895 578 107 205 493 196 96 486 28: 33 
Secondary, nonrespondent 1,689 122 533 276 48 99 249 88 42 210 15 7 
Subtotal 5,030 371 1,428 854 155 304 742 284 138 696 38 20 
Total 10,691 833 2,998 1,773 318 683 1,538 557. 0.337 1,5253 103 28 

Cardiologists in training 
Primary, respondent 298 44 5E 61 1 13 50 17 17 39 1 0 
Primary, nonrespondent 280 27 84 33 3 13 57 9 7 43 3 1 
Subtotal 3 578 71 139 94 4 26 107 26 24 82 4 1 
Secondary, respondent 126 9 43 21 0 7 25 5 4 12 0 0 
Secondary, nonrespondent 275 25 94 57 4 13 53 11 4 12 2 0 
Subtotal 401 34 137 78 4 20 78 16 8 24 2 0 
Total 979 . 105 276 172 8 46 185 42 32 106 6 1 

All cardiologists 

Primary 6,239 533 1,709 1,013 167 405 903 299 223 909 69 - 9 
Secondary 5,431 405 1,565 932 159 324 820 300 146 720 40 20 
Total 11,070 938 3,274 1,945 326 729 1,723 599 369 1,629 109 29 


Source 2. 


TABLE IV 
Distribution and Percent of Cardiologists Within Practice Mode: By Age Groupings 
p i o eL, at h SUE SIGUE S CUPEROUPLL AL OMTMCDS GER CNULO ee i o E AE A E E AE i. DOS 





Under 40 Years 40 through 59 Years 60 Years and Over All Cardiologists 
Practice Mode no. % no. 05 no. 06 no. 76 


——————————M————————————— ee ae 


Noninstitutional 


Solo 349 5.0 1,581 22.6 810 11.6 2,740 39.2 
Partnership 328 4.7 - 629 9.0 114 1.6 1,071 15.3 
Group | 304 4.4 591 8.5 102 1.5 997 14.3 
Combination (other)* 65 0.9 139 2.0 35 0.5 239 3.4. 
Subtotal 1,046 15.0 2,940 42.1 1,061 15.2 5,047 72.2 
Institutional | 
Hospital 413 5.9 293 4.2 54 0.8 760 10.9 
Medical school 257 3.1 310 4.4 25 0.4 592 8.5 
. Combination (other)* 92 1.3 87 1.2 8 0.1 187 2.7 
Subtotal 762 10.9 690 9.9 87 1.3 1,539 22.1 
Other* | 
Majority other 173 2.5 150 2.1 45 0.6 368 5.3 
Combined other 2 0.0 18 0.3 7 0.1 27 0.4 
Subtotal  . 175 2.5 168 2.4 52 0.7 395 5.7 


Total i | 1,983 28.4 3,798 54.4 1,200 17.2 6,981 100.0 





* |n tables, in sections which follow, these “Other” types are combined as “Other” because, for all practical purposes, they include 
either (1) individuals whose practice involves medical school/hospital plus some noninstitutional or (2) are federal cardiologists who 
simply checked “Other” for their employment. 
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tral regions, areas in which the ratios fall within a general erage but the number of general practitioners per popula- 


medium range. 


tion approximates the national average. The low ratio is 


3. High ratios of physician to 100,000 population occur primarily due to the lack of medical and surgical specialists 


in widely different geographic population density areas; in this region. 

i.e., in densely populated areas of the Middle Atlantic and 5. With the exception of the Pacific and Mountain areas 
Pacific zones the physician ratio is similar to that in New where the ratios are greatest, there is a fairly uniform ratio 
England, which has next to the smallest number of people of general practitioners in all areas irrespective of size. 


in its area. 6. In general, there are about twice as many medical as 

4. The ratio of total physicians to 100,000 population in surgical specialists per 100,000 population in over half the 
the East South Central area is much below the national av- regions. Exceptions are noted in the West South Central, 
TABLE V 


Distribution and Percent of Cardiologists Within Practice Mode: By Specialty Board Certification in Internal Medicine 


Practice Mode 


Specialty Board Certified Noncertified Total Cardiologists 





BOTA) ios vine uU y Loss. 0o s iio diu See 


Noninstitutional 
Solo 
EA Partnership 
Group 
Combination (other)* 
Subtotal 
Institutional 
Hospital 
Medical school 
Combination (other)* 
Subtotal 
Other* 
Majority other 
Combination other 
Subtotal 
Total 





* See Footnote, Table IV. 


TABLE VI 


Practice Mode 


Noninstitutional 
Solo 
Partnership 
e Group 
Combination (other)* 
Subtotal 
Institutional 
Hospital 
» Medical school 
Combination (other)* 
Subtotal 
: Other* 
Majority other 
| Combination other 
m Subtotal 
Total 


19.0 1,426 20.1 2,767 39.1 
9.9 385 5.4 1,086 15.3 
9.5 333 4.7 1,008 14.2 
1.9 106 25 242 3.4 

40.3 2,250 31.7 5,103 72.0 
4.9 435 6.1 778 11.0 
4.7 273 3,9 602 8.5 
1.4 87 1.2 189 2.7 

11.0 795 11.2 1,569 22.2 
2.6 193 2.8 379 5.4 


. Distribution and Percent of Cardiologists Within Practice Mode: By Subspecialty Board Certification in Cardiovascular Disease 





Subspecialty Board Certified Noncertified Total Cardiologists 
no. 06 no. 06 no. 06 
187 2.6 2,580 36.5 2,167 39.1 
105 1.5 981 13.8 1,086 15.3 
114 1.6 894 12.6 1,008 14.2 
31 0.4 211 3.0 242 3.4 
437 6.1 4,666 65.9 5,103 72.0 
67 1.0 711 10.0 778 11.0 
115 1.6 487 6.9 602 8.5 
29 0.4 160 2.3 189 2.1 
211 3.0 1,358 19.2 1,569 22.2 
36 0.5 343 4.9 379 5.4 
1 0.0 26 0.4 27 0.4 
37 0.5 369 5.3 406 5.8 
685 9.6 6,393 90.4 7,078 100.0 


Sa Coa EIS BRA e DA ONES SECO LU MIDI EORR Ce M M  D ed DRE UP EN ESET REND 


} * See Footnote, Table IV. 
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TABLE VII 


Cardiologists' Ratios to Population’: Census Division by Specialty and Activity Status 
en ee Sg ek ET TEMOR 





Possessions 
Northeast South North Central ae 
New East- West- East- West- West V.I., 
National En- Middle South South South North Nom o sus Canal 
Total gland Atlantic Atlantic Central Central ^ Central Central Mountain Pacific Zone 
Cardiologists’ 205,923,- (1,841. (37,199, (30,671, (12,803. (19,320. (40,252. (16319. (8281, (26,522.  (2,712,- 
Activity Status 959 663) 040) 337) 470) 560) 476) 187) 562) 631) 033) 
atem RENE EEE ETUE OE AD SEN ER SES MIB WELL Mo RUBUS TS CRE SO S N RBs. De ie I Meee eret 
Active cardiologists 
Primary 2.7 3.9 4.2 3.0 1.3 2.0 2.0 1.7 2.4 3.1 2.4 
Secondary 2.4 3.1 3.8 2.8 1.2 1.6 1.8 1.7 1.7 2.6 1.4 
Total 5.1 7.0 8.0 5.8 2.5 3.6 3.8 3.4 4.1 5.7 3.8 
Cardiologists 
in training 
Primary 0.3 0.6 0.4 0.3 *0.0 0.1 0.3 0.2 0.3 0.3 Lu 
Secondary 0.2 0.3 0.4 0.3 0.0 0.1 0.2 0.0 0.0 0.0 0.0 
. Total 0.5 0.9 0.8 0.6 0.0 0.2 0.5 0.2 0.3 0.3 T5 
All cardiologists 
Primary 3.0 4.5 4.6 3.3 L9 2.4 2.2 1.8 LA, 3.4 2.5 
Secondary 2.6 3.4 4.2 3.0 1.2 1.7 2.0 1.8 1.8 2.7 1.5 
Total 5.6 7.9 8.8 6.3 2.5 3.8 4.3 3.6 4.5 6.1 4.0 


* = >0.1. 


! U.S. Bureau of the Census. U.S. Census of Population: 1970. Number of Inhabitants. Final Report PC (1)-Al United States Summary. 


Source 2. 


West North Central and East South Central areas. The dis- 
crepancy here may be assumed to be caused by the lack of 
medical specialists rather than an excess of surgical special- 
ists since the total number of physicians per 100,000 is also 
less than the average in these areas. 


Many causes may be ascribed to this relative mal- 
distribution, but foremost are those of socioeconomic 


TABLE VIII 


Distribution Ratios of Medical Specialists and Cardiologists to 
Population According to Census Division 





Ratios per 100,000 Population 


Car- 

diology 
and 

Popula- Medical Medical 
tion Spe-  Cardi- Spe- 


Census Division (1,000) Total cialists ologists  cialists 





Middle Atlantic 37.2 189.4 110.8 8.0 7.3% 
New England 11.8 184.7 109.0 7.0 6.4% 
Pacific 26.5 181.3 97.0 5.7 5.8% 
South Atlantic 30.7 146.2 80.0 5.8 7.6% 
Mountain 8.3 142.9 $252.7, Get 5.7% 
East North Central 40.3 125.9 64.5 3.8 5.9% 
West North Central 16.3 124.5 61.6 3.4 5.6% 
West South Central 19.3 121.0 57.6 3.6 6.396 
East South Central 12.8 104.4 47.0 2.5 5.3% 





Sources 1 and 2. 
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differences and educational, both general and medi- 
cal, opportunities in the areas of greater physician 
grouping. More wil! be stated later about this. | 


Cardiology Manpower in the United States 


As shown in Table III, there are 10,691 cardiolo- 
gists in active practice in the United States. This 
gives a ratio of cardiologists to population of 5.1/ 
100,000. There are an additional 979 cardiologists in 
training making a total number of 11,670 active or in 
training. Trainees thus constitute 8.4 percent of the 
total manpower pool of cardiologists. 

Cardiologists were classified into Primary and 
Secondary types. By definition, a Primary Cardiolo- 
gist spent at least 50 percent of his time in the prac- 
tice of cardiology. If his time in cardiology was less 
than 50 percent, he was classified as a Secondary. 
Cardiologist and his primary classification was in an- 
other medical specialty. By this classification, 5,661 
individuals (53 percent) were identified as Primary 
Cardiologists, and 5,030 (47 percent) were identified 
as Secondary Cardiologists. The ratio of 5.1/100,000 
changes little if trainees are included because of the 
small number of trainees involved. 


Mode of Practice and Age Factors of Cardiologists 


The majority (72 percent) of all cardiologists locate 
their base of practice outside institutions and are 
classified as Noninstitutional Cardiologists (Table 
IV). Fully 39 percent of the cardiologists are in solo 
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TABLE IX ; 
Cardiologists’ Ratios to Population: By Rank-Ordered Metropolitan Areas with Over 1,000,000 Population 
Ratios per 100,000 Population 
Primary Secondary All 
Metropolitan Area* Population Cardiologists Cardiologists Cardiologists 

New York 16,062,700 5.6 5.5 11.0 
Los Angeles 8,568,000 4.0 3.7 TA 
Chicago 7,797,400 2.8 2.5 5.3 
Philadelphia 5,177,000 5.1 3.3 8.4 
Baltimore-Washington, D.C. 4,803, 900 5.8 3.8 9.5 
Detroit 4,693,000 2.4 1.4 3.9 
San Francisco 4,529,200 4.3 3.5 7.9 
Boston 3,549,000 6.6 3.5 10.1 
St. Louis 2,490,300 2.6 2.8 5.5 
Cleveland 2,367,500 3.8 3.2 7.0 
Dallas-Fort Worth 2,303,000 1.9 2.5 4.5 
Pittsburgh 2,242,300 3.3 2.7 6.0 
Minneapolis-St. Paul 2,226,300 3.3 2.6 5.9 
Houston 2,153,700 3.6 2.1 5.7 
Miami 2,128,300 9.0 8.0 17.0 
Seattle-Everett-Tacoma 1,998, 200 3.6 1.5 5.1 
Milwaukee 1,957,000 1.7 1.5 3.3 
Atlanta 1,893,600 2.6 3.7 6.3 
Cincinnati 1,849, 900 2.8 2.5 5.3 
Kansas City 1,546,800 2.0 1.9 4.0 
Buffalo 1,490,800 3.1 2.4 5.4 
Memphis 1,405,600 1.9 1.4 3.4 
Providence 1,327,000 3.4 2.9 6.3 
San Diego 1,300,000 4.2 2.5 6.7 
Indianapolis 1,295,400 3.2 2-2 5.3 
Columbus 1,246,000 2.7 2.3 5.1 
Portland 1,200,400 2.8 2.3 5.2 
Tampa-St. Petersburg 1,171,600 dad 4.2 7.9 
New Orleans 1,117,100 3:5 2.0 5.5 
San Antonio 1,116,100 3.3 2.3 5.6 
Denver 1,115,100 5.0 2.4 7.4 
Louisville 1,085,900 2.0 Lis 3.3 
Dayton 1,073, 900 2.4 1.5 3.9 
New Haven 1,067,200 3: 3.8 7.4 
Greensboro-Winston, Salem 1,066,400 1.5 2x9 4.0 
Phoenix 1,058,200 2.6 2.1 4.6 
Norfolk-Newport News 1,051,500 1:2 1.4 2.7 


NE SA rah ab edna dd 3 ccd oM CR ER REIN A aR ERR UR Ie ee EET eS NARI a oc ue 


* Metropolitan area as defined by three digit zip code combinations. 
+ Population estimates related to zip code areas based on 1969 population estimates, ‘Rand McNally Zip Code Atlas, 1970." 
Sources 1 and 2. 


practice. Those in institutional practice account for 
. 22 percent. Of all cardiologists 17 percent are 60 
years or older with 15 percent in noninstitutional 
practice and 1 percent in institutional practice. 

Institutional Cardiologists (22 percent of all cardi- 
ologists) tend to be younger; approximately 50 per- 
cent of them are under age 40 years. This group rep- 
resents those cardiologists more recently trained and 
generally responsible for the more sophisticated tech- 
nical and research aspects of cardiac problems re- 
ferred to institutions. 


Board Certification of Cardiologists 


Certification by specialty boards indicates formal 
acceptance of practice competence within standards 
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set by the examining bodies. The process of boarc 
certification is a strong force in developing clinica 
expertise in the given specialty. Although 56 percen 
of all Noninstitutional Cardiologists are certified b: 
the American Board of Internal Medicine, only 9 per 
cent of them are also certified by the Subspecialt; 
Board in Cardiovascular Disease (Tables V and VI) 
Proportionally fewer Institutional Cardiologists, 4! 
percent, are certified by the American Board of In 
ternal Medicine, but 14 percent are also certified b: 
the Subspecialty Board in Cardiovascular Disease 
These findings on certification were somewhat unex 
pected but there are no data from which to make | 
judgment that board certification indicates bette 
clinical performance, the main goal of all boards. 
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- spective ratios of 5.8 and 5.7. Lowest is that of the 
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TABLE X 


Percent of Cardiac Patients Referred to Physician by Type of Referral Source: Census Division by Board Certification 


in Internal Medicine 
cO vod He raa Oeo RUIN UC OE NONI RM SED IOS OR NEUE RE ELA QE DCN ISRAEL i a a A ERRAT 





Possessions 
APO/FPO 
South North Central (cns 
QUE aria Fast- West- East- West- West V.l., APO 
New Middle ^ South South South North North | — —-— Canal and 
Board Certification Group Total England Atlantic Atlantic Central Central Central Central Mountain Pacific Zone FPO 


Ee a ee E E N E O ESEESE E SS Sal A= ADRENAL sete ORT DES E 


Board-certified 


distribution (no.) 3,769 315 944 647 122 241 556 210 144 556 23 11 
Type of referral 
Own practice 59.7 61.4 63.3 58.7 54.1 55.7 56.1 57.5 66.5 60.0 59.7 17.7 
From other physicians 33.3 32.0 30.4 33.7 36.7 34.8 38.2 37.7 26.8 32.0 29.2 38.6 
Other (agencies) 7.1 6.6 6.4 7.6 9.1 9.5 5.7 4.8 6.7 8.0 11.1 43.6 
Non-Board-certified 
distribution (no.) 3,160 231 899 504 102 218 434 167 97 461 40 7 
Type of referral | 
Own practice 61.8 63.6 66.3 60.2 60.0 57.7 62.2 61.9 59.7 56.6 63.8 29.3 
From other physicians 29.4 29.9 23.9 30.1 32.0 32.1 30.1 35.5 33.5 34.3 24.2 25.7 
Other (agencies) 8.7 6.1 9.9 9.7 8.0 10.2 7.6 2.6 6.8 9.1. 4123:1: 7 45,0 
DSL MCI CINE RC en i ee RD B AUC A ET ae oL RET NEL MEG ERE LIH ef 
Source 2. 
Distribution of Cardiologists in the United States TABLE XI 
The ratios of cardiologists per 100,000 population Average Physician Age by Physician Classification: 
by census division are shown in Table VII. Maldistri- By Specialty 





bution of cardiologists is apparent. The national ratio 


of active cardiologists per 100,000 population is 5.1. A sc 

This table and Table VIII, reconstructed from Table Primary Secondary 

VII, indicate that the highest ratios of cardiologists Cardiologist Cardiologist All Cardiologists 
per 100,000 population are in the Northeast section T o uot SEDI ae 

of the country, with a ratio of 8.0 in the Middle At- Physician Age Age Age 

lantic region and of 7.0 in the New England region. Classification (yr) no. (yr) no.. — (yr) no. 





South Atlantic and Pacific regions follow with re- 
Nonfederal 46.7 3,629 49.9 3,158 48.2 6,787 














East South Central area with 2.5 cardiologists per dads 395 A TAE Ws oS b 

100,000. In all other regions the ratio is somewhat inet E ids 3.918 d 3 283 ys 7.201 

higher but below the 5.1 national average. With the e ; i Y 

exception of the West North Central area, where SoGrebi?: 

there is a 1:1 ratio of Primary to Secondary Cardiolo- 

gists, the former slightly outnumber Secondary Car- 

diologists. The ratio of cardiologists in training to 

population roughly corresponds with the practicing TABLE XII 

cardiologists’ ratio within a given census division. Average Years Since Doctor of Medicine Degree: By Specialty 

Table VIII also shows that within wide differences in 7 

geography, population densities, total physicians and Specialty 

medical specialists per 100,000, the ratio of cardiolo- Primary Secondary 

gists to medical specialists is within a rather narrow Cardiologist Cardiologist ^ All Cardiologists 

range of 5.3 to 7.3 percent with a median value of 5.8 Physician TADIUEM EE Pe E URQURA T A ie Era RED 

percent. Classification Years no. Years no. Years no. 

Distribution of Cardiologists in Metropolitan Areas Pog d | z oh fod s or 
In cities of over 1 million population (Table IX), Eni vdd A + 

the largest number of cardiologists per 100,000 are lo- Total no. 3,962 3,339 7,301 

cated in cities of the East and West Coastal areas. : 

This is also shown graphically in Figure 1. Certain Source 2. 
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metropolitan areas, however, have ratios much below 
the national average of 5.1 (Milwaukee 3.3, Kansas 
City 4.0, Louisville 3.3, and Detroit 3.9). Most are 
above the national average. These discrepancies may 
be due to various socioeconomic and educational fac- 
tors causing regional maldistribution. 

In most of the larger cities with ratios over the na- 


- . tional level of 5.1, there is a medical school with its 
- affiliated hospitals, and in many, there are two or 
_ more schools per city. In New York, Boston and Phil- 
. adelphia, cities with the greatest number of cardiolo- 


gists per 100,000, there are three or more medical 
schools. It is quite probable that among other factors, 


 mmedical schools and their affiliated hospitals offer 


educational attractions and practice opportunities 


i that lead to a greater concentration of cardiologists 


. and probably other specialists in their communities. 


It is also evident that the presence of a medical 
school and its metropolitan hospitals does not assure 


a community of a large number of cardiologists. 


Referral of Patients to Cardiologists 


Approximately 60 percent of all patients seen by 
cardiologists come from their own practice, with 40 
percent referred by other physicians or agencies 
(Table X). The referral pattern was essentially the 


) same for both board-certified and noncertified cardi- 


ologists in internal medicine. On the other hand, car- 
diologists certified by the Subspecialty Board in Car- 


- diovascular Disease stated that 53 percent of their 


416 
ham 


patients were referred by other physicians or agen- 


— cies. There seemed to be no marked differences in re- 


ferral pattern according to census divisions. 
Distance traveled by patient to cardiologists: 
Approximately 60 percent of the cardiologists’ pa- 


tients traveled 5 or more miles to be seen. For some 


areas of the country, the percentage of patients who 
traveled more than 25 miles varied considerably. 


Cardiologists’ Age and Years Since Degree 


The average age of all cardiologists is 47.8 years 
(Table XI). Primary Cardiologists on an average are 
3 years younger than Secondary Cardiologists (46.7 
vs. 49.9) and Federal Cardiologists are 7 years youn- 
ger than Nonfederal Cardiologists (41.0 vs. 48.2). As 
would be expected from these data, Federal Cardiolo- 


gists have graduated from medical school more re- 
cently (by 7 years) than Nonfederal, and Primary 
Cardiologists more recently (by 3 years) than Secon- 
dary Cardiologists (Table XII). Data on the age dis- 
tribution of cardiologists show 26 percent are be- 
tween 25 and 39 years of age, 55 percent between 40 
and 59 years of age and 21 percent are 60 years and 
over. Some regional differences exist. 


Summary 
There are 10,691 cardiologists in active practice in 


the United States and approximately 1,000 in train- 


ing. This gives a ratio of 5.6 cardiologists per 100,000 
population. Their numbers seem to be distributed 
about equally between Primary and Secondary Car- 
diologists. Approximately 70 percent are office-based 
outside institutions and about 50 percent of all cardi- 
ologists are certified in internal medicine and 10 per- 
cent certified in cardiovascular disease. 

Per population density, cardiologists are Ted 
ly distributed, tending to concentrate in the metro- 
politan centers of the Northeast, Middle Atlantic and 
Pacific regions. These areas contain the larger cities 
having the heaviest concentration of medical schools. 
The East South Central, West South Central and 
West North Central regions contain significantly 
fewer numbers of cardiologists per 100,000 popula- 
tion. 

If the distribution of cardiologists is viewed in rela- 
tion not to population density but rather to the medi- 
cal specialist ratios per 100,000 population, it is seen. 
that there is a very narrow percentage range of all 
medical specialists who are cardiologists. Thus, it ap- 
pears that there is an even distribution of cardiolo- 
gists in their relations to internal medicine and their 
specialties irrespective of region, population density 
or other factors. 

The ratios of general practitioners per 100,000 
population do not vary greatly in most parts of the 
country, although there are approximately twice as 
many medical specialists as surgeons per 100,060 in 
the majority of the regions. 

Factors related to manpower maldistributions are 
many and complex. Our recommendations regarding - 
more desirable manpower ratios and techniques to 
realize them are discussed later. 
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CHAPTER 4 








Current Profile of the Professional Activities of the 


American Cardiologist 


"H. J. C. SWAN, MD, FACC 


RAY W. GIFFORD, Jr., MD, FACC 


The Sub-Board of Pediatric Cardiology, as referred 
to in the Preface, reviewed among other matters the 
professional activities of all pediatric cardiologists 


. who were certified by the Board as of June 1967; the 


response rate was 93 percent. The professional activi- 
ties of pediatric cardiologists were categorized as (1) 
"professional"—including maintenance of learning 
skills, (2) “clinical”—application of professional 
skills, (3) research, (4) teaching, and (5) administra- 
tion. Only 8 percent of pediatric cardiologists were in 
full-time office practice. Ninety-two percent were ei- 
ther in academic positions or in full-time nonaca- 
demic hospital practices. Nevertheless, clinical (pa- 
tient care) functions dominated the activities of these 
physicians, averaging 62 percent of their total time. 
This ranged widely—from 44 percent for the academ- 
ic (senior) group, to 81 percent of time for those in 


. private practice. 


Specialist in Adult Cardiology 
Historically, adult cardiology has been properly re- 


garded as a component of internal medicine. The 
. emergence of cardiology as a subspecialty within in- 
- ternal medicine has occurred because of the increase 


in special knowledge and newer diagnostic and thera- 
peutic techniques in this broad field. Also, disorders 
of the cardiovascular system are dominant as a cause 
of prolonged or serious ill health in a large number of 
persons. 

The subspecialty of pediatric cardiology developed 
in part because of the rapid advances in the field of 
congenital heart disease which were associated with 
ethe introduction of cardiac catheterization and car- 
diovascular surgery in the early 1950's. In contrast, 
specific and innovative changes in the management 
of cardiovascular disease in adults have occurred far 
more gradually. For this reason and because of the 
more complex nature of cardiovascular disease prob- 
lems in the adult, a more varied pattern of profes- 
sional activities has emerged. Hence, we are making 
the assumption that the cardiologist concerned with 
these problems cannot be described by a single pro- 
file, as has been done relatively effectively for the pe- 
diatric cardiologist. Within the constraints of the in- 
troduction to this overall report on cardiology man- 


power and the activity sampling plan, we have devel- 


oped certain broad generalizations on the roles and 
profiles of cardiologists concerned with adults. 

The professional activities of these cardiologists 
were identified by two survey instruments as de- 
scribed in detail elsewhere. An initial classification 
questionnaire was sent to all who listed cardiovascu- 
lar disease as a professional activity with the Ameri- 
can Medical Association index of physicians (‘‘ques- 
tionnaire"). A personally maintained log-diary report 
of the activities of a stratified random sample of 
these physicians was also obtained (“diary”). The 
terms "questionnaire" and “diary” will be used in 
this article to identify data obtained from the non- 
federally employed group of cardiologists since the 
number of federally employed physicians was small 
(2.3 percent). Of 6,436 nonfederally employed cardi- 
ologists, 1,413 (22 percent) were engaged in institu- 
tional practice and 5,023 (78 percent) were engaged 
in noninstitutional (private, solo, group or office) 
practice. The questionnaire allowed separation of 
cardiologists into those who spent more than 50 per- 
cent of professional time in cardiology— designated 
Primary Cardiologists—and those who spent less 
thàn 50 percent of time in cardiology— designated 
Secondary Cardiologists. Hence, physicians previous- 
ly categorized in institutional and noninstitutional 
practice could also be classified into additional cate- 
gories, primary or secondary. 


Professional Activity Time 


Table I (questionnaire) shows the percentage of 
professional activity time and the proportion of that 
time devoted to cardiology. As a group, all cardiolo- 
gists indicated that 81 percent of professional activi- 
ty time was devoted to patient-related activities, in- 
cluding teaching and research. Primary Cardiologists 
indicated that 65 percent of their time was devoted to 
clinical care of patients with cardiovascular disease 
including time spent in teaching (16.2 percent) and 
research involving patients. Primary Cardiologists 
carried out substantially more research and teaching 
than did the Secondary Cardiologists. Time spent on 
administrative and professional activities (journals, 
meetings, and so forth) amounted to approximately 


.12 percent for all cardiologists and did not differ be- 


tween Primary and Secondary Cardiologists. 
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TABLE ! 


PROFESSIONAL ACTIVITIES OF CARDIOLOGIST—SWAN AND GIFFORD 


Percent of Professional Activity Time and Proportion of Time to Cardiology: by Specialty 


ULOS a SES CIE TET ECCE URL Se ee ee RT GECONEN 














Specialty 
Primary Cardiologist Secondary Cardiologist All Cardiologists 
(no. = 3,910) (no. = 3,256) (no. = 7,166) 
% to oz to % to 
Type of Activity o% of Total Cardiology % of Total Cardiology 95 of Total Cardiology 
Direct patient care 60.8 48.8 75.3 28.9 67.3 39.9 
Research with patient care 6.2 5.7 1.8 1.0 4.2 3.6 
" Teaching with patient care , 12.6 10.5 6.6 3.0 9.9 7.1 
Subtotal, clinical 79.5 65.0 83.7 32.9 81.4 50.6 
Research without patient care 4.4 4.0 1.9 0.9 3.3 2.6 
Teaching without patient care 3.9 3cd 2.0 0.9 3.0 e. 
Subtotal, nonclinical 8.3 7.2 3.9 1.8 6.3 4.8 
research and teaching 
Administrative 6.8 0.0 7.5 0.0 Tl 0.0 
Professional 5.4 0.0 4.3 0.0 <p! 0.0 
Total 100.0 72.2 99.9 34.7 99.9 55.4 
C CUPS US SS YES SP SRR DRE SERO CLAN MRR Re RE lO uA DU FERRE RUE PEU LL Lati ean MuR 
Source 2. 
TABLE II 


Percent of Physicians Performing Selected Types of 


- Cardiology Activities: by Specialty 








AUC. SRM Es ES) Gar. 
Primary diologists 
(no. — Secondary (no. — 
Type of Activity 3,876) (no. = 3,169) 7,045) 
Office consultant for 84.1 87.7 85.7 
cardiac patients 
Office reader of 71.5 81.7 76.1 
electrocardiograms 
Hospital consultant for 92.9 80.6 87.4 
cardiac patients 
Hospital reader of 71.0 60.9 69.8 
electrocardiograms 
- Hospital coronary care 64.8 53.2 59.6 
unit committee 
Cardiac diagnostic 37.3 14.8 27.2 
roentgenography 
: 40.9 7.9 26.0 


Cardiac catheterization 





Source 2. 


The general types of cardiology activity for all 
cardiologists are defined in Table II (questionnaire). 
The great majority of cardiologists acted as consul- 
tants for cardiac patients in the office or hospital and 
read electrocardiograms. Primary Cardiologists con- 
ducted most of the catheterization procedures. 

Differences in age distribution: A significant 
difference in the distribution of cardiologists accord- 
ing to institutional and noninstitutional practice 
modes was identified in regard to age groupings 
(Table III, questionnaire). Twenty-eight percent 
were under age 40 years, and 53 percent of these were 
in noninstitutional practice. Fifty-four percent of 
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physicians were between the ages of 40 and 59 years 
and 77 percent of these were in noninstitutional prac- 
tice, with more than half in solo practice. Ninety per- 
cent of the cardiologists aged 60 years or older (17 
percent of the entire group) were in noninstitutional 
practice and 75 percent of these in solo practice. 
Thirty-eight percent of those physicians below the 
age of 40 years were institutionally employed, most of 
them in hospital rather than medical schoo! posi- 
tions. Eighteen percent of physicians aged 40 to 59 
years were institutionally employed, half by hospitals 
and half by medical schools; only 7 percent of those - 
60 years or over were institutionally employed. 

The application of new special skills was listed sig- 
nificantly more often by physicians under age 40 
years than by physicians in other age groups (‘Table 
IV, questionnaire). Whereas 51 percent of physicians 
less than 40 years of age conducted cardiac catheter- 
ization, only 2 percent of physicians over the age of 
60 provided these services. There was a lesser partici- 
pation of the Secondary Cardiologists (Table II) in 
what might be regarded as more highly skilled activi- 
ties, hospital reading of electrocardiograms, partici- 
pation in coronary care unit committee, performance* 
of diagnostic roentgenography and cardiac catheter- 
ization. The distribution of these activities by age of 


cardiologist is open to many interpretations and may 


change in the future as adequate numbers of physi- 
cians are trained in a particular required skill or new 
skills are developed. 


Time Devoted to Cardiovascular Disease 


Table V (questionnaire) categorizes in detail the 
distribution of professional activity time and a pro- 
portion of time concerned with cardiology. Among 
the noninstitutionally based physicians, 81 percent of 
time was spent in direct patient care, of which 57 per- 
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TABLE Ill 
Distribution and Percent of Cardiologists Within Practice Mode: by Age Group 


Age Group (yr) 


40-59 — VS All Cardiologists 


Practice Mode 


Noninstitutional PR. Ute pA da SACR NR ne TUR E 
Solo AGES, Lr ad di 0 FLU 
Partnership — DET oie is Oe 4 fs PULL I 
Group wp ~~ 304 4. 4 i i. . 591 bad, | 
Combination (other)* 2 B5 23 00271039177 N, .0 

Subtotal | M6 16. (ies (2,90 IE Lx 


Institutional GUTES Eod. SOS : 5 RG | 
Hospital t 1 is. XM E A C mo 
Medical school j g 787 
Combination (other)* 

Subtotal ^ 

Other* 

Majority other 
Combined other _ 
Subtotal 
Total 


i. 


* In the tables in this report these “other” RERE are Ew as ; "other" because, for all practical purposes, they include either (1 
individuals whose practice involves medical school/hospital plus s some noninstitutional practice, or (2) are Federal Cardiologists whi 
simply checked “other” for their vds ote a EN d B ^ ae | 

Source ?. | er cU : Nis x S T. : $ A ia av y i Hing 


TABLE Vv 


Percent of Physicians Performing Selected Types of 
. Cardiology Activities: M. ngo rody 


cent was related to onami P ARG The na- à 
ture of the noninstitutional practice made no differ- | ‘pi 
ence in either the allocation of total time or the per- | 
cent devoted to cardiovascular disease. In contrast, $ Vr a in JUSTOS 
34 percent of the activity of institutionally employed TU ir | $ N oe | i 
physicians was devoted to patient care but closeto 73. St ior Age Group ID Cis e 
percent of this time was devoted to cardiovascular. ROI a PITE E | »60  'ologists 
disease. However, the medical school-based institu- — T j no. (no. — (no. = 
tionally employed physician showed greater activity yer . Typeof Activity 1208) 6,954) 
in nonclinical research and teaching and approxi-  — — - 

— mately the same expenditure of time in administra- . Office consultant for 6.0 : 88.1 85.7 
tive and professional fields as that of his hospital: . cardiac patients 
employed colleagues. : Office reader of — 

Identifying only clinically jue Sotivitlas: there Pics abe die 
were striking differences (Table VI, questionnaire) LM Seius cd 
between the institutional and oninstitutdnel d B es eet eee 
groups. The noninstitutionally employed physicians electrocardiograms 

. provided office consultation and electrocardiographic Hospital coronary - 

reading in 96 percent of instances. Services in cardiac care unit committee 
catheterization (29 percent) and cardiac roentgenolo- Cardiac diagnostic 
gy (27 percent) were provided in the partnership and  roentgenography - 
group category. The solo practitioners contributed - Cardiac catheterization 
extensively as hospital readers of electrocardiograms, | 
hospital consultants and members of hospital coro- 
nary care unit committees. In contrast only 55 per- . 
cent of institutionally based physicians provided of- 
fice consultation and 37 percent offered electrocar- 





2 MES 


F Koma 


Validation of Activity Estimates by Questionnaife m 


. Source 2. 


diographic interpretation. Institutionally based phy- 
sicians reported similar clinical activities irrespective 
of hospital or medical school base. Fifty-six percent 
of these physicians provided cardiac catheterization 
services. | 


To determine the accuracy of the questionmairé 
recorded log-diary data from the same physician: 
were compared to identify areas of serious discrepan 
cy. Table VII (questionnaire and diary) compares thi 
type of activity as identified by the log-diary analysis 
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TABLE V 
Percent of Professional Activity Time and Proportion of Time to Cardiology: by Physician Practice Mode 


Type of Activity 


. Research Teaching Research Teaching Subtotal 
Direct With With Without Without Nonclinical 
Distribution Patient ^ Patient Patient Subtotal ^ Patient Patient Research and Adminis- Pro- 
(no. — Care . Care Care Clinical Care Care Teaching trative fessional 


Practice Mode A7 658») 00 CÓ CÓ ($COÓ (7) CO CO $C» CO 


Noninstitutional 
Solo 
96 of total time 
% to cardiology 
Partnership 
95 of total time 
% to cardiology - 
Group 
% of total time 
% to cardiology 
Subtotal 
95 of total time 
95 to cardiology — 
Institutional 
Hospital 
% of total time 
% to cardiology 
Medical school 
96 of total time _ 
% to cardiology 
Subtotal 


Other 


Source 2, 


rs 
"E. d 


TABLE VI - ues DER ES NX. poo ond 
Percent of Cardiologists by Practice Mode: by Selected Types of Cardiology Activities 
Me ile ^ i = Types of Activities (H) 
a. EC AS . Hospital Hospital Cardiac 
MURS Office Reader AES, l Readerof ^ Coronary Diagnostic Cardiac 
Distribution Office of Electro- Hospital Electro- Care Unit Roentgen- ^ Catheteriza- 
Practice Mode | (no.) Consultant ^ cardiograms ^ Consultant ^ cardiograms Committee ography tion 
Noninstitutional 
Solo 
Partnership 
Group 1,002 1 
Subtotal 4,806 96. 89.0 


Institutional 
Hospital 
Medical school 547 


B499.7u 65. o WARS 0.7 R89 V vl 58.4 19.7 12.8 
1,081 97.1. 91.6 bm c7 68.8 26.3 28.6 
SELD 2. 7.1. 71.1 27.8 29.7 
T 63.4 22.8 19.9 


2o 5L6 Bg 45. 99) 6 ae 56.0 40.8 56.0 
| dug eU I NO. 41.1 34.6 55.9 


Subtotal 1,299 Macc deu 49.7 38.2 56.0 
Other 7A ( 60.8 85.0 54.1 37.4 41.5 
Total 6,876 i5. 76.1 4 du V. mg 27.4 29.1 


Source 2. 
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Cardiologists' Activity Time as Reported on Classification Questionnaire (Q) and Recorded in Log-Diary (L): Activities by Specialty 


and Type of Practice* 





Institutional 


Noninstitutional 

Primary Secondary Primary | Secondary 

(no. = 111) (no. — 102) (no. = 97) (no, = 54) 
Type of Activity Q (%) L (%) Q(%) L(%) Q(%) L(%) Q(%) LOO 
Direct patient care 76.6 70.9 82.5 75.7 27.7 36.9 34.6 40.3 
Teaching with patients 8.3 6.6 5:5 4.0 23.6 13.2 18.1 8.5 
Teaching without patients 2.1 2.4 1.3 t2 7.3 6.8 8.3 9.5 
Research with patients 2.4 0.2 0.8 0.2 14.8 2.0 8.6 1.8 
Research without patients 0.4 1.4 0.1 0.8 11.0 16.0 4.5 9.9 
Professional 5.3 10.1 4.0 9.3 5.9 13.7 Dol 12:9 
General administration 4.9 8.4 5.8 8.8 9.7 11.4 20.8 21.9 
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 


* Comparative differences are conservative since log-diary travel time was not included in percentage calculations. 


Sources 2 and 3. 


of 364 physicians and with the activity estimates ob- 
tained from the individual questionnaires submitted 
by these physicians. The log-diary and questionnaire 
estimates of time devoted to patient care activity are 
of similar orders of magnitude. Likewise, teaching 
without patients is effectively estimated on the ques- 
tionnaire. However, significant errors were found in 
the estimate of nondominant activities. Thus, the 
amount of time devoted to administration and pro- 
fessional activities was grossly underestimated by 
physicians in the noninstitutional practice category 
and that associated with professional advancement in 
the institutional category. Noninstitutionally based 
— physicians greatly overestimated time devoted to re- 
search, which for practical purposes was negligible. 

b _ The institutionally based physician grossly overes- 
_ timated time devoted to research with patients—15 
= percent for Primary and 9 percent for Secondary 

Cardiologists, as against a recorded value of 2 percent 
for each category. Institutionally based cardiologists 
also overestimated time devoted to teaching with pa- 
tients by approximately 100 percent for both Pri- 
mary and Secondary cardiologists. The institutional- 

— ly based Primary Cardiologist underestimated the 

e time devoted to research without patients. 


Board Certification 


The distribution of cardiologists by practice mode 
and specialty board (internal medicine) certification 
is shown in Table VIII (questionnaire). Although the 
majority (55.4 percent) of noninstitutionally based 
practitioners were certified in internal medicine, only 
8.5 percent of these physicians were certified by the 
Subspecialty Board in Cardiovascular Disease. In 
contrast, 49.3 percent of institutionally based physi- 
cians were certified in internal medicine but 13.4 per- 
» cent of these physicians were also subspecialty certi- 
— fied in cardiovascular disease. Among medical school- 
_, based cardiologists, 54 percent were certified in inter- 





TABLE VIII 


Relation of Practice Mode to Frequency of Board Certification 
in Specialty (Internal Medicine) and Subspecialty 
(Cardiovascular Disease) 





05 Certified 
Total Cardiologists FROM ree So rl 
pid cians Pty Sub- 
Practice Mode no. 95 of Total Specialty specialty 
Noninstitutional 
Solo 2,/67 39.1 48.4 6.7 
Partnership 1,086 15.3 64.6 9.6 
Group 1,008 14.2 66.6 10.6 
Other 242 3.4 52.2 12.8 
Subtotal 5,103 72.0 55.4 8.5 
Institutional 
Hospital 778 11.0 43.4 8.6 
Medical school 602 8.5 54.6 18.5 
Other 189 2.7 54.0 15.3 
Subtotal 1,569 22.2 49.3 13.4 
Other 
Majority 379 5.4 49.2 9.5 
Combination 27 0.4 48.0 «xx 
Subtotal 406 5.8 49.0 9.2 
Total 7,078 100.00 54.1 9.7 
Source 2. 


nal medicine and 18.5 percent in cardiovascular dis- 
ease. 


Absolute Time Commitment 


'The average working weekday for all cardiologists, 
including travel time, was 10 hours (‘Table IX, diary). 
'There were no significant differences whether the in- 
dividual was in noninstitutional or institutional prac- 
tice or had primary or secondary time committed in 
cardiology. An average of 5 hours per weekend was 
expended. Of this time, approximately 3 hours per 
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day was expended in direct patient care by the non- 
-institutionally based cardiologists. A noteworthy fact 
here is the designation of between 15 and 45 minutes 
per weekend day to professional advancement by all 

. categories of cardiologists, reflecting a significant 
— dedication of such physicians to continuing learning 
and professional advancement. From these data it 
would appear that the average work week for cardiol- 

= ogists is 62 hours if one includes participation of the 

-—— 17.2 percent of physicians over the age of 60 years. 


Administrative, Teaching and Research Time 
The reporting of a high proportion of time (23 per- 
cent) spent by the secondary institutional physicians 
— in administrative activity possibly reflects the inclu- 
= sion of department chairmen, deans and section 
heads in this categorization. Of note again is the re- 


TABLE IX 








Time as % of Total Professional Activity Time 


markably small proportion of time devoted by insti- 
tutionally based cardiologists to research with pa- 
tients. 'The greater proportion of time devoted to 
professional activities by institutionally based cardi- 
ologists possibly reflects preparation of lectures, writ- 
ing of papers, review of journal material, and the like. 
A substantial proportion of the time of institutionally 
based Primary Cardiologists is devoted to research 
without patients and probably indicates basic science 
activities. Teaching with patients is an unexpected 
feature in all subcategories of physicians and possibly 
reflects the inclusion of house officers and nurses on 
hospital rounds. Although in relative terms the abso- 
lute number of hours of teaching with patients pro- 
vided by noninstitutionally based physicians is less 
than that of physicians in institutional practice, ex- 
trapolation of these data to the overall manpower 


Distribution of Cardiologists’ Weekday and Weekend Time in Professional Activities 








Institutional 








Noninstitutional 
Ty pe and . Primary Secondary Primary Secondary 
Duration of com LT RUF up Nac OG IR uL Sec ra etie UNT ROGER S pnt D > 
Activity Weekday Weekend Weekday Weekend Weekday Weekend Weekday Weekend 
Type of activity 
Direct patient care 72 64 77 68 37 39 38 60 
Research with patients 0 0 0 0 2 0 2 3 
Research without patients 1 3 1 0 15 20 6 Dus 
Teaching with patients 6 9 4 7 ^14 8 9 5 
C Teaching without patients 3 1 1 1 6 8 10 2 
Administration 9 8 9 9 12 9 23 12 
Professional 9 14 9 15 14 15 12 14 
Daily activity time 
Travel time (hours) 0.8 0.5 0.8 0.4 0.8 0.6 1.0 0.4 
Total time (hours) 10.3 5.2 10.6 5.3 10.7 4.7 10.7 £.4 
. Weekly activity time 
Total time (hours) 61.9 63.9 62.9 62.3 
Source 3. 
TABLE X 


Cardiologists' Contacts with Patients: Weighted and Unweighted Patient Encounters by Type of Setting by Specialty and Practice 




















Noninstitutional Institutional 
| Primary Secondary Primary Secondary All Cardiologists — ' 
Type of Setting no. A no. 06 no. 06 no. 06 no. A 
Office 
Unweighted 3, 748 36.3 5,334 51.7 655 6.3 590 5.7 10,327 106.0 
Weighted 4,610 34.5 8,155 61.1 380 2.8 218 1.6 13, 363 106.0 
| Hospital 
i Unweighted 3,370 38.0 2,674 30.1 1,743 19.6 1,092 12.3 8,879 100.0 
Weighted 4,145 42.9 4,091 42.4 1,011 10.5 404 4.2 9,651 100.0 
Combined 
Unweighted 7,118 37.0 8,008 41.7 2,398 12.5 1,682 8.8 19, 206 100.0 . 
Weighted 8,755 38.1 12,251 53.2 1,391 6.0 622 2.7 23,014 100.0 
Source 3. 
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pool would indicate that in absolute terms teaching 
by noninstitutionally based cardiologists predomi- 
nates. This finding may reflect teaching of nursing 
and paramedical personnel as well as house officers 


. and medical students in a more formal setting. 


— Patient Care Activities 


. Table X (diary) shows that noninstitutionally 
based cardiologists were responsible for 95 percent of 
office patient encounters and 85 percent of hospital 
patient encounters. This demonstrates the domi- 
nance of this group as providers of clinical care. 
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GIFFORD 


Secondary Cardiologists were 60.6 and 37.3 percent, 
respectively, for primary and referral patients' pat- 
tern. Table XII (diary) confirms certain substantive 
differences already assumed to exist between practice 
activities. Of considerable significance is the overall 
allocation of time of noninstitutionally based practi- 
tioners (74 percent) to patient care while approxi- 
mately 39 percent of the time of institutional practi- 


TABLE XI 


Cardiologists' Patients: Distribution by Cardiologists' Specialty 
and Practice Characteristics 








Among institutionally employed cardiologists, the 
Primary Cardiologist rendered significantly more 
care within the hospital than did the Secondary Car- 
diologist. 
Diary analysis allows for a more detailed examina- 


Institutional 


Secon- 
Primary X dary 


Noninstitutional 


Secon- 
Primary . dary 


Practice and Patient 
Characteristics 





— tion of the activity patterns of the practicing cardiol- 96 of cardiologists 3.6 40.7 16.2 55 
-. ogist. Table XI (diary) indicates the referral pattern 96 of patient encounters 38.1 53.2 6.0 2.7 
~ in cardiac and noncardiac encounters by practice cat- % of patients 37.3. 54.1 58 2] 
egory. The institutionally based Primary Cardiologist % of patients within 34,3 360.6) — 73.977 42,0 
differed from his colleagues in that referrals exceeded own practice 
primary care of patients originating from a personal % of patients referred 45.4. . 343: 12.9 5. 43 
practice by a ratio of 4:1. Noninstitutionally based ii ei aH cardiac 47.0 — 4L.5 9.0 2.6 
Primary Cardiologists reported that 34 percent of pa- of, b ana AES 3 is E Lu 


tients were from their practice and 45.4 percent were 


` E 1 à ! cardiac encounters 
referred. Corresponding values for noninstitutional 





TABLE XII 
Categories of Cardiologists' Average Daily Activity Time: Type of Activity by Specialty and Practice 

















Noninstitutional Institutional , 
E Primary Secondary Primary Secondary All Cardiologists* 
06 of % of % of % of % of 
Type of Activity Time Hours Time Hours Time Hours Time Hours Time Hours 
— Direct patient care 
Unspecified 1.8 5.0 1.6 4.2 3.1 
Hospital 23.7 21.0 15.3 15.0 20.9 
Office 30.3 36.7 3.2 6.7 27.2 
Nonscheduled, emergency 1.8 ait 0.8 1.6 1.8 
Laboratory and diagnostic 5.4 3.8 9.0 4.7 5.3 
tests 
Extendec care facilities 0.4 1.0 0.0 1.8 0.6 
Patient records, charts 2.9 6.1 7.0 6.3 6.7 
ULT Subtotal 70.9 5.9 75.7 6.6 | 36.9 3.1 40.3 3.4 65.6 5.6 
* Teaching | 
With patients 6.6 4.0 13.2 8.5 “6.7 
Without patients 2.4 , 1.2 6.8 9.5 3.0 
Subtotal 9.0 0.8 5.2 0.5 20.0 1:7 18.0 RS 9.7 0.8 
1 Research 
With patients 0.2 0.2 2.0 1.8 0.6 
Without patients 1.4 0.8 16.0 5.9 3.9 
; - Subtotal 1.6 0.1 1.0 0.1 18.0 1.5 7:73 0.6 4.5 
Professional 10.1 0.8 9.3 0.8 13.7 1.2 12.5 1.1 10.4 
à General administration 8.4 0.7 8.8 0.8 11.4 1.0 21.9 1.9 9.8 0.8 
b Total 100.0 8.3 100.0 8.8 100.0 8.5 100.0 8.5 100.0 8.5 





.. * Percentages based on weighted frequencies, adjusted to the proportion of all cardiologists that each cardiologist type represents. 
| Source 3. 
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TABLE XIII 


Cardiologists' Patients: Age Groups by Type of Setting 
Compared with National Age Grouped Norms 





National Norms (1970)* 





Age Groups 





Office Hospital Combined ——.— N 

0) | €) 00 €9 C09 no. 
<4 0.6 0.6 0.6 8.4 17,119, 245 
5-14 1.8 1.3 1.6 20.1 40,892,234 
15-24 8.2 4.8 7.2 17.4 35,302,039 
25-34 Tl 4.9 6.9 12.2 24,845,947 
35-44. 10.8 9.9 10.5 11.4 23,132,821 
45-54 17.8 15.6 17.2 11.4 23,158,493 
55-54 20.0 20.7 20.2 9.2 18,660,224 
65-74 20.8 24.1 21.8 6.1 12,439,678 
75-84 10.4 145 11.6 3.8t  7,662,1961 

>85 US 3.6 2.4 en. iei 
Total 100.0 100.0 100.0 203,212,877 


100.0 
Ue oos MS eet DCUM me ER PS NE e e MEE SEND DN ec 
*U. S. Bureau of the Census, Census of Population 1970, 
General Social and Economic Characteristics, Final Report 
PC(1)-Cl United States Summary. 
+ Census category of individuals aged 75 years and over. 
Source 3. 


tioners was so allocated. Only in laboratory and diag- 
nostic testing do primary institutional practitioners 
provide a greater level of participation in patient care 
than noninstitutionally based practitioners. 

Ase categories of patients seen by practicing car- 
diologists, (Table XIII, diary). The number and per- 
centage of encounters are related to the national pop- 
ulation distribution (1970). The number of patients 
between birth and 35 years of age seen by cardiolo- 
gists is disproportionately small in relation to the 
population prevalence. Between the ages of 35 and 44 
years, patients were seen by these physicians in pro- 
portion to the population. Above age 45 years there is 
a rapid increase in the number of patients seen by 
cardiologists. Thus, encounters with patients over 
age 65 amount to 33 percent of all encounters in an 
office setting and 42 percent of encounters in a hospi- 
tal setting as compared with the prevalence in the 
population of these individuals of approximately 10 
percent. | 

The distribution of cardiac problems seen in office 
and hospital settings is shown in Table XIV (diary). 
The category “none” includes patients with another 
primary medical diagnosis or in some cases those who 
were referred for evaluation of anesthesia, or mur- 
murs that proved innocent, or who had normal cardi- 
ac catheterization findings. The cardiac problems 
most frequently encountered in the office were coro- 
nary atherosclerosis without myocardial infarction, 
hypertension, chronic heart failure, acute myocardial 
infarction and arrhythmias. Except for the antici- 
pated greater prevalence of acute myocardial infarc- 
tion and severe heart failure, a similar pattern was 
seen in the hospital. Few reported encounters were 
related to activities such as pacemaker evaluation 
(0.6 to 1.3 percent). A small but significant preva- 
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TABLE XIV 


Cardiologists’ Patients with Primary Cardiac Diagnoses: Rank- 
Ordered Percent of Occurrence by Type of Setting 


x E x P- t 











Type of Setting 
Office 
and 

Hospital Office ^ Hospital 
Percent of total 100.0 70.2 29.8 
Primary cardiac diagnosis 
Coronary atherosclerosis without 26.1 29.3 19.9 

infarction 
Hypertension 20.7 26.5 9.1 
Acute myocardial infarction 9.4 4.9 18.1 
Heart failure: chronic, severe 8.1 7.0 10.2 
None 5.8 7.1 3.8 
Rheumatic 5.1 $0 5.2 
Arrhythmia 4.1 3.9 4.5 
Cerebral vascular disease 3.4 3.0 4.1 
Peripheral vascular disease 3.1 3.0 3.3 
Heart failure: acute, severe 2.9 1.3 6.2 
Other disease 2.0 1.9 2.2 
Pulmonary embolism 1.6 0.8 3.1 
Psychosomatic (cardiac) 1.6 pA 1.3 
Postcardiac surgery 1.6 1.2 2.5 
Congenital defect | 1.5 1.3 1.8 
Cardiomyopathy 1.4 1.4 1.9 
Pacemaker evaluation 0.9 0.6 bu 
Pericardial disease 0.6 0.3 LZ 
Infectious disease 0.1 0.0 0.3 
Total 100.0 100.0 100.0 

Source 3. 


-— 


lence (1.5 percent) of congenital heart disease was re- 
ported. 

The choice of cardiac diagnostic and therapeutic 
modality according to patient diagnosis is indicated 
in Table XV (diary). There was a significantly great- 
er use of noninvasive procedures, cardiac catheteriza- 
tion and evaluation for cardiac surgery in the hospi- 
tal. A high percentage of patients with congenital 
heart disease, rheumatic heart disease, cardiomyopa- 
thy and infection (presumably bacterial endocarditis) 
were considered for cardiac catheterization. Evalua- 
tion for cardiac surgery was recommended in patients 
with congenital heart disease, “infections” and rheu- 
matic disease in a high proportion of instances. A rel- 
atively small percentage of patients with coronary 
atherosclerosis were referred for cardiac catheter- 
ization, and evaluation for cardiovascular surgery in 
these patients was unusual. Diagnostic tests and 
procedures such as vectorcardiograms, phonocardio- 
grams and noninvasive techniques as well as right or 
left heart catheterization with or without angiogra- 
phy and selective coronary arteriography were uti- 
lized dominantly by institutionally based Primary 
Cardiologists (Table XVI). Exercise testing was used 
at almost the same frequency (1.6 to 5.2 percent) by 
all physician groups. 
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TABLE XVI 


Cardiologists' Utilization of Cardiac Diagnostic Tests and Procedures: Percent of Use by Specialty and Practice 











Noninstitutional Institutional 
Type of Test Primary Secondary Primary Secondary All 
Electrocardiogram 78.4 75.5 77.2 77.4 77.1 
Vectorcardiogram 1.1 0.9 8.8 0.2 2.0 
Phonocardiogram 2.2 0.4 5.5 0.5 1.8 
Noninvasive techniques 1.8 0.2 5.9 0.4 1.6 
Exercise testing 3.8 4.0 5.2 1.6 3.9 
Cardiac fluoroscopy 3.0 2.4 5.4 0.4 2.8 
Chest roentgenography 18.9 28.3 15.5 17.6 22.2 
Right or left heart catheterization 0.5 0.7 3.3 0.3 0.9 
Right or left heart catheterization 1.4 0.4 9.3 2.0 1.9 
with angiogram 
Flotation catheterization yt: els 0.5 0.1 Vh 
Selective coronary arteriogram 1.2 0.4 6.2 0.5 1.4 
Pulmonary angiogram 0.1 1.1 0.5 0.1 
Noncoronary arteriogram 0.3 0.7 0.8 0.2 
His bundle recording 0.1 1.2 0.1 
Pacemaker insertion 0.6 1.3 0.2 0.4 
Pacemaker evaluation 0.7 0.1 1.5 0.4 0.5 
Other Bot. 2.8 3.6 2.3 10.1 3.7 
Routine laboratory tests 12.2 20.1 3.2 7.4 14.1 
Source 3. 
Interpretation clude both the Academic Cardiologist with an inter- 


As might be expected, the study has shown that 
many older cardiologists use their valuable profes- 
sional skills in clinical diagnosis, electrocardiography, 
management of arrhythmias, and the drug therapy of 
heart disease, and see a substantial proportion of pa- 
tients in a referral mode of practice. On the other 
hand, the younger physicians, who are recent gradu- 
ates of training programs and increasingly are certi- 
fied by Subspecialty Board, are utilizing strikingly 
different techniques and hence contribute to a differ- 
ent form of practice of cardiology. These consider- 
ations have suggested four general profiles of cardiol- 
ogists on the basis of types of activity. Clearly, specif- 
ic activities extend from one category to another, but 
the general activities appear to differ to a degree suf- 
ficient to justify some speculative separation. 


Four Divisions of Cardiologists 


These four divisions of cardiologists described by 
the survey can perhaps be identified by terms more 
appropriate than institutional or noninstitutional, 
primary or secondary. Thus, we have looked on the 
noninstitutionally based Primary Cardiologist as the 
Clinical Cardiologist whereas the noninstitutionally 
based Secondary Cardiologist is identified as the In- 
ternist-Cardiologist. The institutionally based Pri- 
mary Cardiologist devoting more than 50 percent of 
his time to problems of cardiovascular disease, in- 
cluding the utilization of new techniques, might be 
described under the term Cardiac Specialist. The in- 
stitutionally based Secondary Cardiologist is more 
difficult to identify under a single title but might in- 
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est in research and teaching and those physicians 
conveniently labeled under “other” who might have 
an important specific activity, for example, cardiac 
rehabilitation. A brief conceptual description based 
upon a consideration of the data from this study of 
each of these four categories of cardiologists follows: 


Internist-Cardiologist 


This physician usually functions as a solo practitioner or 
may be associated with a small group. In larger group prac- 
tices (more than 20 members) this physician may see a ma- 
jority of patients with significant problems of cardiovascu- 
lar disease within a department of internal medicine. How- 
ever, he is usually in private practice and may be in the 
older age bracket. He sees a wide variety of both selected. 
and nonselected cardiovascular problems either as a pri- 
mary care physician or as a referral physician in his com- 
munity. He usually performs and interprets his own elec- 
trocardiograms and may serve in an electrocardiographic 
laboratory as an interpreter of records. He is knowledge- 
able of and has access to other laboratory procedures in 
cardiovascular disease but relies on others to perform 
them. He provides general internal medical and cardiac 


care for most of his own patients in the hospital and may 


rely on other cardiac specialists for support in more com- 
plex diagnostic procedures such as cardiac catheterization, 
and in the management of serious and critical cardiovascu- 
lar disease or arrhythmias. He is not involved in research 
but he may be involved in teaching medical students, house 
officers and nurses. He is Board-eligible in internal medi- 
cine and may be Board-certified. 


Clinical Cardiologist 


This physician performs many of the functions of the In- 
ternist-Cardiologist but applies more of his time to special 
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tm 
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problems of cardiovascular disease. He is primarily office- 
based but may have substantial hospital responsibilities. 
He is usually in solo or small group practice but may be an 
important physician in a salaried institutional grouping. In 
the latter circumstance he maintains a similar practice pat- 
tern seeing a substantial number of referred cardiac outpa- 


tients. He spends more time than the Internist-Cardiolo- 


gist in consultation on cardiovascular problems in one or 
more community hospitals. He participates in the hospital 
electrocardiographic department as an interpreter of rec- 
ords and frequently as the chief of the heart station. He 
participates in a coronary care unit and may function as a 
chairman of the coronary care unit committee for his com- 
munity hospital. He does little or no research but may re- 
port interesting clinical phenomena to meetings of his hos- 
pital staff. He has more responsibility for hospital teaching 
of nurses, house officers and medical students than the in- 
ternist. He may have an association on a part-time basis 
with a teaching hospital and may hold clinical faculty rank. 
He may be compensated on a part-time or fee-for-service 


. basis by a community hospital or other institution. This 
type of physician is usually Board-certified in internal 
medicine and has had some specialty training in general 


cardiology with particular emphasis on electrocardiograph- 
ic interpretation and intensive coronary care. 

Many of the younger Clinical Cardiologists have ac- 
quired skills in cardiac catheterization and coronary angi- 
ography during their training and may serve on catheter- 
ization teams in teaching hospitals. 'T'hese special skills are 
not necessary, however, for the Clinical Cardiologist al- 
though he should know indications for these procedures 
and how to interpret the data. It is probable that in the fu- 
ture more Clinical Cardiologists will utilize newer noninva- 
sive diagnostic techniques. 


Implications: The preceding two groups of cardi- 
ologists, both predominantly based in solo or small 
group noninstitutional practice, account for 80 per- 
cent of cardiology patient encounters by physicians 
who identify themselves as having special interests or 
skills in cardiovascular disease. However, both of 
these groups of physicians frequently act in a referral 
in contrast to a primary physician role as is appropri- 
ate to the subspecialty concepts. It must be assumed 
that the primary care of patients with cardiovascular 
disease across the country is accomplished by other 
internists or family practitioners. This has important 
implications for optimal levels of performance and 
skill in cardiovascular diagnosis and treatment by 
general physicians and has major implications for a 
significant cardiovascular component in training 
programs in internal medicine and family practice. 


Cardiac Specialist 

The Cardiac Specialist is generally younger and a prod- 
uct of a more formal training program developed in the 
middle 1950's and subsequently. He is usually certified in 
internal medicine and in the subspecialty of cardiovascular 
disease. At the present time he frequently is concerned 
with activities in cardiology requiring special skills or ex- 
pertise. In addition, he frequently sees patients with car- 
diovascular disease in consultation and may provide pri- 
mary care to a small group of patients with cardiovascular 
disease or other internal medicine problems. This physi- 
cian is trained and competent in cardiac catheterization 
and frequently in coronary arteriography. He is familiar 
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with and able to perform modern noninvasive techniques. 
He has a greater knowledge and competence in more spe- 
cialized cardiovascular areas—the management of hyper- 
tension, valvular heart disease, cardiac arrhythmias, acute 
myocardial infarction, selection of patients for cardiovascu- 
lar surgery—and frequently has some knowledge of con- 
genital heart disease. He may be chief of the heart station, 
director of the cardiac catheterization laboratory or direc- 
tor of a coronary care unit. Although he provides clinical 
consultation, much of his practice and his value to commu- 
nity practice is based upon the special skills that training 
in the more recent past has provided him. Bent 

The Cardiac Specialist is competent in the conduct of 
clinical investigation although the development of true mo- 
tivation in this respect is minimal. He may be interested in 
investigation related directly to the disease state of pa- 
tients who come under his care. He may contribute occa- 
sionally to the medical literature with clinical descriptions 
of unusual cardiovascular disease. He reports the results of 
special procedures and tests in interesting or unusual clini- 
cal circumstances. Rarely, he conducts basic laboratory in- 
vestions. He is actively involved in the teaching of medical 
students, house officers and nurses. He is capable of writ- 
ing modern guidelines for optimal care of cardiac patients 
in his community hospital and in the promulgation of such 
information to the community at large. 

His practice is usually institutionally based but may be 
combined with an office practice within or outside of the 
institution. He may be salaried by an institution, but a 
wide variety of financial arrangements for compensation 
exist. His patients are usually physician-referred, often by 
the Internists, Internist-Cardiologists or Clinical Cardiolo- 
gists. This physician is younger than those in noninstitu- 
tional practice by virtue of the recent expansion of technol- 
ogy in the field of cardiology. 


Academic Cardiologist 


The Academic Cardiologist is not definable within a sin- 
gle profile but is an individual who may devote his time to 
several important categories of activity. He does spend the 
majority of his time in direct patient care. It is usual, how- 
ever, for his responsibilities to be divided among teaching 
in a clinical setting, research in a clinical or basic setting, 
administration and clinical care in that order of relative ef- 
fort. The background of the Academic Cardiologist usually. 
involves certification in internal medicine and frequently 
in cardiovascular diseases. His training has involved cardi- 
ac catheterization as well as electrocardiography and clini- 
cal cardiology. He has usually devoted 1 to 2 years to car- 
diovascular research, frequently in the basic science areas. 
He is about the same age as the Clinical Cardiologist— 
older than the Cardiac Specialist and younger than the In- 
ternist-Cardiologist. He is institutionally based and usually 
institutionally compensated. He is frequently a director of 
professional programs. 


Comments 


The four categories described define in a general 
way the present activities of cardiologists concerned 
with cardiovascular disease in adults and serve to 
identify the distribution of their skills. Recent Sub- 
specialty Board certification in cardiovascular dis- 
ease appears at present to identify only one of these 
four categories, the Cardiac Specialist. Current prac- 
tice patterns necessitate the provision of important 
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. roles and services by Clinical Cardiologists and Inter- 


nist-Cardiologists who are unlikely to be Subspeci- 
alty Board-certified at the present or in the immedi- 
ate future. It is possible that a proportion of physi- 
cians currently certified by the Subspecialty Board 
will not continue to use the technical skills acquired 


` in their training programs and will within a few years 


follow an activity pattern that is more closely identi- 
- fied with the Clinical Cardiologist. 

- The large absolute number of consultative referrals 
provided by the Clinical Cardiologist and the limited 
. requirements for highly specialized technical cardiac 
procedures again put in focus the need for training 
programs and examining bodies to provide an effec- 
tive mechanism for developing and identifying the 
integrative skills of the true consultant. While the 
needs for superior technical skills in the performance 
and interpretation of diagnostic procedures such as 
cardiac catheterization and angiocardiography, elec- 
tro- and vectorcardiography and echocardiography 


are clear, there is a limited need for provision of such 
services. Indeed current experience indicates that 
these services are best provided for a community by 
one physician, or a small group of physicians, with 
special skills rather than by many cardiologists indi- 
vidually performing fewer procedures. 

Although the four categories described cannot be 
taken to represent a rigid categorization of either 
specific professional skills or personal professional 
arrangements, consideration of the data may allow a 
more rational prediction of training needs categor- 
ized among family practitioners, specialists in inter- 
nal medicine and cardiac subspecialists. Such pro- 
grams should be related to the need for professional 
consulting services as well as for skills in technical 
procedures. The pattern of practice must not be de- 
termined by the content of training programs. Rather 
the content of training programs must be determined 
by true community needs for cardiovascular skills 
and manpower. 
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Training Programs in Cardiovascular Disease 


NOBLE O. FOWLER, MD, FACC 
HERBERT N. HULTGREN, MD, FACC 
HENRY D. McINTOSH, MD, FACC 


One major objective of this study was to identify and 
describe in some detail the current number, distribu- 
tion, content, quality, duration, faculty, facilities and 
certain other aspects of cardiovascular training pro- 
grams in the United States. Such information, as well 
as the number of trainee positions available and 
filled and the potential for expansion, was unknown 
prior to the study but it seemed essential in consid- 
ering the manpower needs in cardiology. Training 
programs were defined as full-time cardiovascular 
training programs of at least 1 year's duration. The 
source listing for training programs was provided by 
the American Medical Association and consisted of 
more than 500 institutions in the United States with 
approved residencies in internal medicine. This study 
identified 329 institutions involved in cardiovascular 
training. 


Survey of Training Programs 
Number and Distribution of Programs 


There were 534 institutions and organizations ei- 
ther responsible for or conducting training programs 
in internal medicine at the beginning of 1973. Of 
these, 329 offered at least 1 year of training in cardio- 
vascular disease, with the majority (73 percent) pro- 
viding 2 years of training. The data in this report are 
based on the responses from directors of 190 of the 
329 programs that returned the questionnaire. All es- 
timations have been projected for the 329 programs 
with the assumption that the nonresponding pro- 
grams were similar to the programs responding to the 
questionnaire. The validity of this assumption is dis- 
cussed in the section on methods (Chapter 2). The 
number of training programs in nonapproved hospi- 
tals is probably small and was excluded from this re- 
port. 

Figure 1 shows the geographic distribution of the 
329 cardiovascular training programs by state, census 
division and region. As might be expected, the train- 
ing programs were most numerous in the areas of 
high population density. 

Table I shows the total number of trainees in the 
329 programs for the years 1970 to 1973. In addition, 
Table I shows the average number of trainees per 
program by year with an estimate of the number of 
trainees completing training each year. It is obvious 
that the number for each variable has increased over 
the past 3 years and that we can anticipate having 


about 800 individuals complete their training each 
year. The actual number may be somewhat larger 
since some trainees complete programs in nonap- 
proved hospitals and some take their final year of 
training in positions outside of a cardiology program 
such as a final year of a medical residency or an in- 
structorship. 

Candidates who are seeking certification from the 
Subspecialty Board in Cardiovascular Disease have 
increased over the past 4 years as evidenced by the 
numbers taking the oral and written examinations. 
Data obtained from the Subspecialty Board in Car- 
diovascular Disease indicate consistent increases 
from 1969 to 1972 as follows: 


Oral examinations in 1969: 
84 candidates, 64 certified 
Oral examinations in 1970: 
126 candidates, 92 certified 
Oral examinations in 1971: 
135 candidates, 119 certified 
Written examinations in 1972: 
543 candidates, 431 passing 


Cardiologists tend to practice in areas close to 
where they were trained (Fig. 2 and 3). They may 
have selected their training program for its location 
in an area where they planned to practice. This selec- 
tion, whether made before the start of or during 
training, seems to have the effect of locating the ma- 
jority of cardiologists. 


Content and Duration of Training 


Considerable variability was found in the content 
of the training programs. Some of this variability was 
apparently due to differences between programs of 1 
and 2 years’ duration. It is not known to what extent 
the different programs can and are able to meet the 
high standards of training recommended by the Sub- 
specialty Board in Cardiovascular Disease. The de- 
tailed recommendations of this Board appear in Ap- 
pendix 1. 

Major elements of their recommendations in- 
clude: acquisition of clinical skills used in diagnosis, 
mastery of laboratory techniques, instruction and ex- 
perience in management of various types of heart dis- 
ease and opportunity for research. They stress the 
importance of a core experience provided in suffi- 
cient depth and with sufficient emphasis on scholar- 
ship, self-instruction and development of critical 
judgment, so that the trainee-product of the program 
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FIGURE 1. Distribution of cardiovascular training programs. E. = East; N = number; N. = North; S. = South; W. = West. Source 4. 
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will not become dated after he has entered his chosen 
profession. 

Most trainees entering a cardiology program have 
had 2 years of post-MD training before entering the 
program (Table II); 49 percent of the cardiovascular 
disease programs required 2 years of prior training, 
and 46 percent required 3 years. ‘Thus, less than half 
of the entering trainees (46 percent) have fulfilled the 
requirements for Board certification in internal med- 
icine before beginning their cardiology training. 

The time spent in training varies, depending in 
part upon the career objectives of the trainee. A min- 
imum of 2 years of training in cardiology is required 
for Subspecialty Board certification in cardiovascular 
disease. Approximately 73 percent of the programs 
provide 2 years of training. The average number of 
hours offered or required by broad categories in the 2 
year programs is shown in Table III. 

According to estimates made by program directors, 
the majority of their trainees received sufficient 
training to perform adequately in most areas. There 
are differences in skills acquired according to wheth- 
er the training is for 1 or 2 years. Table IV indicates 
the percent of program directors who indicated their 
trainees had specific skills upon completion of the 
program. 

Striking differences existed among some programs 
in regard to content. Some of these differences are 
shown in Figures 4 to 6, which display the frequency 
distribution curves for training in cardiac catheter- 
ization, electrocardiography and echocardiography. 
Such data demonstrate how many training programs 
provide the indicated experience in the categories 
considered important. 
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TABLE ! 


Number of Trainees Enrolled and Completing Training 
from 1970 to 1973 





Number of Trainees 








Total Per Program Completing 
Year Enrolled (average) Training 
1970-71 970 3.09 617 
1971-72 1,188 3.79 711 
1972-73 1,278 4.09 791 
Source 4, 
TABLE II 


Minimal Required Years of Post-MD Training: Percent 
Distribution by Number of Years and Three Types of Training 
Institutions * 





All Type | Type II Type II! 
Programs Programs Programs Programs 
(no. = 190) (no. = 50) (no. = 91) (no. = 49) 

(%) (%) (%) (%) 





No answer 1.1 2.0 0.0 2.0 
1 year 1.6 2.0 2.2 0.0 
2 years 48.9 56.0 48.2 42.9 
3 years 45.8 36.0 36.2 55.1 
> 3 years 2.6 4.0 $3 0.0 





* Training institutions categorized based on number of inter- 
nal medicine residencies: Type | = 1 to 15; type Il = 16 to 41; 


type Il! = 42 and over. 
VOY 64.7% 
60.7% 1 


Source 4, 
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FIGURE 3. Proportion of cardiologists practicing in area where last trained (defined by national zip code area boundaries). Source 4. 
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Faculty in Cardiology 


In 1973 the average training program had 4.6 full- 
time professional staff members and 3.7 part-time 
staff members, primarily in the division of cardiolo- 


- gy, contributing directly to the program (Table V). In 


addition, there were 1.9 full-time and 1.8 part-time 
staff members, primarily in other divisions, who also 
contributed to the program. Thus, the faculty man- 
power devoted to training programs was consider- 
able, with 2,734 cardiologists (full-time and part- 
time), primarily in the cardiology division, who de- 
voted part of their time to the training of 1,278 
trainees. 

These figures for faculty per program are means. 
Thus, some programs may have as many as 21 faculty 
members, while others may have no full-time faculty 
members. In fact, about 5 percent of the training pro- 
grams had no full-time faculty members. 

The full-time staff devoted from 60 to 67 percent 


of their professional time to the cardiovascular train- 


ing program. The findings were as follows (in percent 
of professional time): 


Program directors, 67% 
Associate directors, 65% 
Cardiology staff, 59% 
Noncardiology staff, 61% 


A shortage of faculty members appears to exist in 
some training programs. Twenty-nine percent of the 
329 programs had an average of 1.85 staff positions 
budgeted but unfilled—a total of 150 to 180 posi- 
tions. It is evident, however, that the majority had 
adequate staff, since program directors. indicated 
that with their existing facilities and staff they could 
accommodate an additional 200 1st year trainees if 
funds for trainees were available. 

The staff of most training programs were highly 
qualified. One of several ways of indicating qualifica- 
tion is certification by specialty board. An average of 
69 percent of the full-time staff were Board-certified 
in internal medicine, and 25 percent were certified by 
the Subspecialty Board in Cardiovascular Disease. 

Training program directors estimated that an aver- 
age of 2.63 additional staff positions will be required 
from 1973 to 1978 if they are to increase their trainee 
capacity by 58 percent over that period. This repre- 
sents a total estimated 5 year increase in staff of 800 
to 850 persons. These figures do not include addi- 
tional staff needed for new programs that might start 
during this time period, and it assumes that existing 
programs will continue. 


Facilities and Materials 


Important elements in a cardiovascular training 
program are the numbers of cardiac patients seen in 
the hospital, the outpatient clinic, and the various 
cardiovascular laboratories. Table VI shows the mean 
values for some of these data, obtained from the 
questionnaire to the training program directors. 
These statistics are means for all training programs. 
Although the variation was large, the statistics are 
broadly descriptive of overall resources. 
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TABLE Ill 


Average Number of Hours in Specific Training Areas 
in 2 Year Programs 





Training Area Hours 





Cardiac patient care 





Pediatric 209 
Medical 1,140 
Surgical 279 
Cardiovascular research 
Clinical 384 
Basic 350 
Teaching 
Clinical 298 
Didactic 112 
Laboratory diagnostic techniques 
Angiography 423 
Cardiac catheterization 481 
Echocardiography 114 
Electrocardiography 331 
Exercise testing 130 
Pacemaker insertion 81 
Phonocardiography 130 
Vectorcardiography 77 
Laboratory and classroom instruction in 494 
basic sciences and clinical disease 
Total hours 5,033 
Source 4. 
TABLE IV 


Percent of Directors Indicating Skill Competence of Trainees 
Upon Completion of Training | 





l Year 2 Year All 





Pro- Pro- Pro- 
grams grams grams 
(no.—  (no- (NO: = 
51) 139) 190) 
Skill Area 00 09 w) 
Manage an intensive care or 98 97 97 
coronary care facility 
Teach students, house staff 94 98 97 
or fellows 
Perform as a consultant 87 98 95 
cardiologist 
Perform and teach others non- 83 90 88 
invasive laboratory techniques 
Conduct diagnostic cardiac 60 96 86 


catheterization 
Eligible for cardiology 
subspecialty boards 


51 99 86 





Conduct clinical research 66 82 78 
Perform and teach cardiac 49 84 74 
diagnostic X-ray procedures 
Conduct basic laboratory 6 16 13 
research 
Source 4. 
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Table VII shows the mean percentage of outpa- 
tient and inpatient visits per year by general diagno- 
sis. As would be expected, coronary, hypertensive 
and rheumatic heart disease were the most common 
problems seen. | 

Ninety-four percent of the program directors indi- 
` cated that they had facilities for research. In 40 per- 


TABLE V 


- Number of Professional Staff in Cardiovascular 
Training Programs 


Mean per Total Programs 
Staff by Division Program (no. = 329) 
Primarily in cardiovascular 
division 
Part-time 3.71 1,220.8 
Full-time 4.69 1,513.4 
Subtotal 2,734.0 
Primarily in other divisions 
Part-time 1.82 598.8 
Full-time 1.91 628.4 
Subtotal 1,227.2 
Total 3,961.2 
Source 4. 
TABLE VI 


j Hospital Facilities and Laboratory Services for the Average 
Cardiovascular Training Program 


Facilities and Services Mean Number 


Inpatient beds - 
General medicine 204 
Cardiac medicine* 22 
Coronary or intensive care unit 19 
Cardiac surgery 13 
Inpatient admissions per year 
General medicine 4,936 
Cardiac medicine 1,561 
Coronary or intensive care unit 838 
Cardiac surgery 583 
Outpatient services 
General medicine visits per year 23,106 
Cardiac medicine visits per year 2,712 
Laboratory procedures per year 
Angiograms 555 
Cardiac catheterizations 368 
Echocardiograms 162 
Electrocardiograms 21,264 
Exercise tests 315 
Vectorcardiograms 291 


* These beds are not necessarily segregated beds on a sepa- 
rate cardiology service, but include segregated beds as well as 
beds on a general medical service occupied by patients with 
primary cardiac problems being evaluated by the cardiology 
service. These figures may underestimate the number of beds, 
since some program directors included only segregated beds in 
their report. No data are available regarding the number of 
training programs that have segregated beds or separate desig- 
nated cardiology service beds. 

Source 4. 


cent of programs, the research was clinical, in 5 per- 
cent it was basic and in 55 percent it was combined. ~ 

On average, each training progràm performed 583 
cardiovascular surgical procedures per year. The per- 
centages by major disease category were as follows: 
coronary 36 percent, valvular 25 percent, peripheral 
vascular 23 percent, congenital 13 percent, and other 
3 percent. | 


Trainee Manpower 


It is evident that cardiovascular training programs 
in the United States have been expanding over the 
past several years (Fig. 7). Continued expansion 
would no doubt have occurred if the funding policies 
in effect before 1973 were continued. Present pro- 
gram directors estimate that their programs could ac- 
commodate 58 percent more trainees over a 5 year 
period if appropriate funds for this expansion were 
available. Thus, it can be estimated that if appropri- 
ate funds were available, by 1978 a total of 1,250 to. 
1,300 cardiologists could complete their training that 
year. This estimate does not include trainees from 
new training programs that might be started after 
1978, and it assumes that existing training programs 
would continue. 

Two thirds of the present programs could accom- 
modate an average of 1.7 additional trainees in the 
lst year with their existing staffs and facilities if 
trainee stipends were available. Thus, an estimated 
200 additional physicians could be added immediate- 
ly to existing training programs. Increases beyond 
this level would require additional funding for staff, 
trainees and training facilities. 


Funding for Training 


It was difficult to get a valid picture of how most 
cardiovascular training programs were supported. 
Fifty-seven percent of the program directors indicat- 
ed that they received support from their own institu- 
tion, 27 percent received support from the National 
Heart and Lung Institute and 24 percent received 
support from their local heart association. As might 


TABLE VII 


Percent Distribution of Patients Seen by Cardiac Diagnosis in 
Training Programs 


Cardiclogy 
Cardiology Inpatient 
Outpatient Visits per 
Visits per Year Year 
Cardiac Diagnosis (%) (99 
Hypertension 20 1€ 
Rheumatic disease 18 14 
Congenital disease 7 4 
Cardiomyopathy 7 € 
Coronary disease 39 4j 
Peripheral vascular disease 4 6 
Other 5 7 


Source 4. 
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be expected, research support was reported from 
many sources. 


Adequacy of Training Programs for Current Practice 
Needs 


This question can be answered by examining what 
cardiologists do in practice and what present training 


programs provide. This comparison has certain limi- _ 


tations, however. While a cardiologist in practice may 
perform few angiographic procedures or cardiac cath- | 
eterizations, he must understand the indications for - 


and risks of these procedures and be able to evaluate _ iy 
the data from these studies. Thus, the fact that cardi- 


ologists in practice perform few such specialized 


studies should not indicate that less time should be | 


devoted to such techniques in the training. program 
For this reason, a second type of evaluation is also 
presented in this report: How do cardiologists | in 


practice evaluate their own training in terms of defi- 4 


[* 

oO 
2 

ET 
$5 
M 


FIGURE 7. Ten year trend in number of internal- 
medicine residencies, internal medicine certifi- 
cates and cardiology certification. Reference 
source: The American Board of Internal Medi- 
cine. 
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ciencies and redundancies? The answers to these 
questions are presented in Chapter 6. 

Are current practice needs being met by current: 
training programs, if one considers that the cardiolo- ` 
gists responded in terms of the training they received 
5 to 10 years ago? Only a very general speculation can 
be permitted on this point. It is clear that cardiolo- ` 


. gists believe that electrocardiography was an ade- 


quate part of their training experience 5 to 10 years 
ago. It is unlikely that there is less electrocardiogra- 
phy i in present training programs, and the general ex- 
perience is that more electrocardiography i is currently 
. being offered in light of the rapid increase in electro- 
. cardiograms obtained in all cardiovascular training 
programs during the past 5 to 10 years. It is also evi- 


. dent that 5 to 10 years ago very few noninvasive stud- 
des such as phonocardiography, echocardiography 


. and exercise tests were performed. The fact that in 
present spe more time is spent on these nonin- 


b t MR 


` 
RM 


| CR Oo Residency positions filled. 


i in internal Medicine 


. Candidates certified 
[Ad in Internal Medicine 


o - Candidates certified 
in Cardiology - 


63 64 65 66 67 68 69 70 71 72 


Years 
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vasive techniques than on  electrocardiography 
suggests that this deficiency has been corrected. 


Summary and Recommendations 


There are 329 programs in the United States that 
offer at least 1 year of organized training in cardio- 
` vascular disease in an approved internal medicine 
training program. 'These programs have an average of 
"four trainees per program. Approximately 711 
trainees completed their training in 1972, and 791 
trainees did so in 1973. Most of the trainees will be 
certified in internal medicine and approximately 15 
to 20 percent will become certified in cardiovascular 
disease. Approximately two thirds of the trainees 
plan to enter private practice, whereas one third plan 
careers in academic medicine. 

Training facilities in the United States have ex- 
panded over the past 10 years, and, on the basis of 
training directors' estimates, will continue to do so. It 
is possible to take on 58 percent more trainees during 
the next 5 years. To achieve this rate would require 
increased funding. Training programs could accom- 
modate 200 more trainees at present without addi- 
tional faculty or space. 

The average cardiovascular training program has 
4.6 full-time and 3.7 part-time professional staff 
members in the cardiology division contributing to 
the training program. In addition, there are 1.9 full- 
time and 1.8 part-time staff members from other di- 
visions who contribute to the program. The full-time 
professional staff is highly qualified. A shortage of 
staff members presently exists in many training pro- 
grams. Twenty-nine percent of programs have an av- 
erage of two staff positions budgeted but unfilled—a 
total of 150 to 180 positions. If training programs ex- 
pand over a 5 year period from 1973 to 1978 to in- 
crease the number of trainees by 58 percent, an aver- 
age of 2.63 additional staff members will be required 
for the average program. This is an increase of ap- 
proximately 800 to 850 new staff members. 

Trainees entering programs have had either 2 (49 
percent) or 3 (46 percent) years of prior training in 
internal medicine. 

Most training programs offer experience in all 
areas required for certification by the Subspecialty 
Board in Cardiovascular Disease and the practice of 
modern cardiology in the office or institutional set- 
ting. Some programs do not provide a complete expe- 
rience in all areas. 


Recommendations 


1. The present system for training cardiologists in 
the United States should be continued, taking into 
account the recommendations of the Subspecialty 
- Board in Cardiovascular Disease. 

2. Federal support for training certain groups of 
cardiologists, particularly the Academic Cardiologist 
(Secondary Institutional), should be continued at a 
rate commensurate with population changes and re- 
lated demands for trained cardiologists. These train- 
ing programs for the Academic Cardiologist should 


provide experience in teaching and in investigation to 
a greater degree than is required for the Internist- 
Cardiologist (Secondary Noninstitutional) or the 
Clinical Cardiologist (Primary Noninstitutiona:). 

3. The cardiology training needs of Internists and 
Generalists (Secondary Noninstitutional) should be 
continually evaluated and their training modified ac- 
cordingly. Evidence regarding the number of patients 
seen by these physicians and the diversity of their 
problems indicates a clear need for comprehensive 
cardiovascular training for these specialists. It is be- 
lieved that the training needs of these physicians can 
be met by the existing programs. 

4. Programs need clear differentiation as to which 
of the four types of cardiologist is being trained, with 
the numbers trained adjusted to geographic area 
needs. It seems reasonable that both Academic and 
Nonacademic Cardiologists should be trained togeth- 
er at least in their initial years of cardiology fellow- 
ship. Program planning to a degree not currently 
practiced is required if the minimal ratios of cardiol- 
ogists to population discussed later are to be realized. 

5. Directors of cardiovascular training programs 
should receive continuing information as to the needs 
of their graduates including: (a) a copy of this study 
report; (b) an annual report from the American 
Board of Internal Medicine regarding areas of defi- 
ciency in cardiovascular training based on the results 
of examination of their trainees; and (c) an annual 
meeting with the other directors of similar programs. 

In making these recommendations, we are aware 
that the effect of changes underway at the time of the 
study has not been estimated. We assumed a “steady 
state” of federal support to many facets of the train- 
ing programs although this support may or may not 
be forthcoming in the future. It is one thing to imply 
that hospitals can absorb certain costs; it is quite an- 
other to demonstrate that this might happen. 

Currently, medical schools and training hospitals 
with cardiovascular training programs rely heavily on 
government funding. We have not examined alterna- 
tive approaches to federal support as part of this 
study, although the need for such investigation is ac- 
knowledged. Furthermore, there is a need for federal 
funding to provide support for basic science research 
and teaching in keeping with the significant advances 
in this area. This component will not ordinarily be 
available from the clinical faculty of the hospital but 
must be provided by medical school-based Academic 
Cardiologists. 

Cardiovascular training programs receive consider- 
able clinical, teaching and research support from. 
such disciplines as surgery, radiology, physiology, 
pharmacology and biomedical engineering. Although 
these fields have not been surveyed by this study ex- 
cept as contributing manpower to the training staffs, 
their contributions are large and important. These 
disciplines owe their tremendous advance and expan- 
sion in recent years in part to federal support. The | 
types of training programs recommended presuppose 
their continued involvement. Manpower needs in 
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these related fields, although not included in this 
study, are crucially important to cardiology. 


Appendix | 


Subspecialty Board in Cardiovascular Disease: Guidelines 
| for Training Programs 


Clinical training programs in cardiology must of 
necessity be varied in content and emphasis reflect- 
ing the differing backgrounds, talents and ambitions 
of trainees, as well as the large spectrum of opportu- 
nities that may be found in training centers. There- 
fore it is difficult to compose a description of an ideal 
program without running the risk of imposing a uni- 
formity that could be suppressive of innovation and 
progress. The following general guidelines are offered 
with the realization that good programs may exist 
with various emphases and that periodic review is 


necessary to avoid obsolescence. 


1. Objectives of a Clinical Training Program in 
Cardiology 


In general, the trainees entering a clinical training 
program will embark on careers in a practice of either 
cardiology or academic medicine, or some combina- 
tion of the two. If the goal is practice of cardiology, 
the extent to which this is possible as a specialty is 
determined by the locale of the practice, hospital fa- 
cilities, associates, etc. Therefore the technical proce- 
dures which must be mastered will be affected to 
some extent by the opportunities that will exist in 
the practice area. Often, however, the ultimate goal is 
unclear to the trainee at first. Not infrequently goals 


change as the traineeship unfolds. Therefore a cer- 


tain core experience would seem indicated for all 
trainees. This should be provided in sufficient depth 
and with sufficient emphasis on scholarship, self-in- 
struction and development of critical judgment, so 
that the trainee-product of the program will not be- 
come dated after he has entered his chosen profes- 
sion on completion of the experience. 


2. Prerequisites 


'Trainees must have a thorough grounding in inter- 
nal medicine before embarking on the clinical train- 
ing program. The proper understanding of the com- 
plications in fluid and electrolyte problems, hematol- 
ogy, infectious disease, etc., occurring for instance in 
postoperative open heart surgical patients, indicates 
the need for mastery in depth of the appropriate 
major areas of internal medicine. This type of compe- 
tence has in most instances been best provided by an 
internship plus 2 years of residency in an approved 
program in internal medicine prior to starting the 
cardiology traineeship. 


3. Location of the Program 


Although many of the best known programs occur 
in university teaching hospitals it is certainly possi- 
ble for a superb program to be provided in a hospital 
not affiliated with a university center. 
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4. Contents of the Program 


a. The principal ingredients of a good clinical 
traineeship program in cardiology. These may be 
divided into four areas: 

1. Acquisition of clinical skills used in diagnosis. 

2. Mastery of laboratory techniques. 

3. Instruction and experience in management of 
various types of heart disease. 

4. Opportunity for research. 


The first three of these are obvious. The inclusion 
of research as an important part of a clinical training 
program may require a word of explanation. Obvious- 
ly most graduates of clinical training programs will, 
in the end, engage in practice. Is participation in clin- 
ical investigation worthwhile for such an individual? 
It is eminently worthwhile. The experience of identi- . 
fying a problem worthy of study, going through the 
literature to see what is already known, working out a 
protocol to study the problem under skillful supervi- 
sion, executing the necessary studies, evaluating the 
results and writing up the whole study for presenta- 
tion to colleagues in verbal or written form is an im- 
portant and instructive exercise. It may affect one's 
career goals by attracting toward (or repelling from) 
academic medicine. Although proof of this is lacking, 
we believe that such an experience is one of the best 
ways of encouraging life-long habits of scholarship 
and critical thinking so necessary in the evaluation of 
newly proposed therapeutic modalities, etc. It is rec- 
ognized, however, that some trainees have no interest 
in research and it is quite possible that their forced 
immersion in on-going investigative programs will be 
tedious and time wasting for all concerned. 


b. Details of the core experience of a satisfac- 
tory training program: Besides knowledge of basic 
subjects such as cardiovascular anatomy, physiology, 
pathology and pharmacology, the following areas and 
subjects are considered important: 


(1). Acquisition of clinical skills in diagnosis. 
The proper care of patients seen by a cardiologist 
requires accuracy in diagnosis. Even in the modern 
era of more and more precise laboratory methods, 
the bedside skills contained in history taking and 
physical examination remain of crucial impor- 
tance. Therefore it is imperative that, through the 
experiences afforded by abundant patient con- 
tacts, the trainee sharpens his ability to utilize 
profitably these basic clinical methods. The setting - 
may vary with the institution. However, an experi- 
enced director who can check the findings and cor- 
rect errors is of course necessary for the proper de- 
velopment of these important skills. 


(2). Mastery of laboratory techniques. 'This list 
changes rapidly with the introduction of new 
methods. In many instances the laboratory meth- 
ods supplement and strengthen the clinical skills 
mentioned in (1) above. For instance, electrocardi- 
ography permits the verification of clinically diag- 
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nosed arrhythmias, phonocardiography enhances 
auscultation—while graphic records of pulsatile 
phenomena improve the art of palpation of blood 
vessels and precordium. Catheterization and angi- 
ography provide physiologic and anatomic confir- 


mation of conditions diagnosed at the bedside. 


Therefore for the optimal use of these technical 
methods as educational (as well as diagnostic) tools 
the trainee should always be required to state his 
opinion in writing in detail before resorting to the 
laboratory method. A list of more important labo- 
ratory methods contained in the case of a good pro- 
gram follows: 


a. Electrocardiography. This remains the 
principal laboratory method used in cardiology. 
Mastery of electrocardiography is imperative. 
The interpretation of tracings under experienced 
supervision, coupled with reading from standard 
textbooks and journals, should provide an ade- 
quate experience. The number of electrocardio- 
grams required for adequate training may be ex- 
ceeded in many busy hospitals. If the trainee is 
required to spend a very substantial portion of 
his day in reading electrocardiograms for service 
purposes, over and above his optimal education- 
al requirements, this activity may dilute the 
value of the program. 

b. Vectorcardiography. This procedure is 
available in many programs and is very useful as 
an educational and investigative tool. Participa- 
tion is not imperative. 

c. His bundle recording. The same may be 
said of this valuable new technique. 

d. Phonocardiography. 'The trainee should be 
provided an opportunity to take and interpret 
phonocardiograms under proper supervision. 
'This enhances the accuracy of bedside ausculta- 
tion and enables one to appreciate the graphic 
records appearing in the literature. 

e. Apex cardiography. The trainee should be 
encouraged to take his own multichannel records 
combining apex cardiography with phono- and 
electrocardiograms. His skill in palpation will be 
enhanced by this experience. 

f. Carotid and venous pulse tracings. 'The 
same is true of these graphic recordings. The ca- 
rotid tracing combined with electrocardiogram 
and phonocardiogram permits the measurement 
of systolic time intervals. At the present time an 
adequate training program should include this 
technique. 

g. Echocardiography. Ability to interpret 
echocardiograms. 

h. Interpretation of cardiovascular roentgen- 
ograms, and special procedures and techniques 
used in the study of cardiovascular problems. 
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i. Interpretation of hemodynamic data ob- 
tained in the cardiac catheterization laborato- 
ry. Since catheterization is in most centers one 
of the principal means of establishing complex 
diagnoses and providing precise physiologic in- 
formation, it is a basic contributor to an effective 
program. The extent of personal participation by 
the trainee may vary but a thorough under- 
standing of the data and ability to calculate re- 
sults is absolutely necessary. 

J. Experience in treadmill testing. 


(3) Management of various types of heart dis- 
ease. A broad experience with the major types of 
heart disease encountered in the United States is 
required. This elementary statement is included in 
view of the tendency in some centers for patient 
material to be mainly concentrated on a limited 
spectrum of disease owing to local referral pat- 
terns, surgical attractions and therapeutic fads. 

a. Coronary heart disease. A thorough under- 
standing of its pathology, risk factors, natural © 
history, prevention, diagnosis by history, physi- 
cal examination, laboratory (treadmill testing, 
chemical studies, coronary arteriography) and 
medical as well as surgical treatment is required. 
An experience in a well run coronary care unit 
under good supervision is a sine qua non of a 
good training program. 

b. Hypertensive heart disease. Knowledge of 
theories regarding pathogenesis, the natural his- 
tory, pathology and pharmacologic treatment is 
needed. 

c. Congenital heart disease. Embryology, al- 
terations in the circulation at birth, pathology, 
clinical presentation, laboratory diagnostic 
methods, surgical treatment, natural history of 
the principal types of congenital cardiac malfor- 
mations is necessary. A period of intensive expo- 
sure to pediatric cardiology is a valuable option- 
al experience. 

d. Rheumatic heart disease. Knowledge of the 
bacteriologic association, prevention, pathology, 
complications, altered physiology, medical and 
surgical treatment. 

e. Other types of heart disease. Pericardial 
disease; cardiac tumors; syphilis; cardiomyopa- 
thy; cor pulmonale; parasitic heart disease; trau- 
matic heart disease; psychogenic factors. 

f. Management of arrhythmias. This will in- 
clude monitoring, cardioversion and pacemak- 
ing. The insertion of pacemakers, detection of 
malfunction and cooperative supervision of am- 
bulatory patients with the help of nurses and 
surgeons are all necessary aspects of a good pro- 
gram. 

g. Preoperative and postoperative manage- 

ment of open heart surgical cases. 
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CHAPTER 6 


Continuing Education, Education Needs and Standards 


FORREST H. ADAMS, MD, FACC 


The continuing education of the cardiologist will 
undoubtedly assume increasing importance in the 
future. It has recently been stated! that “medical ed- 
ucation should be designed as a true continuum ex- 
tending from secondary school through college, medi- 
cal school, hospital training, and postgraduate educa- 
tion." A number of factors undoubtedly influence the 
need for continuing education. This chapter will at- 
tempt to highlight some of them. 

Most of the information relative to continuing edu- 
cation needs was obtained from the Cardiologists’ 
Training Survey instrumeht, which was sent to a 
stratified random sample of 2,619 cardiologists. Ap- 
proximately 76 percent answered the survey, and 
1,509 of the responses were deemed usable for analy- 
sis according to the breakdown in Table I. 

The second source of continuing education needs 
was obtained from comments made by the Cardi- 
ovascular Training Program directors. In this in- 
stance, it will be recalled that 329 institutions stated 
that they had a training program in cardiovascular 
disease. Only 190 institutions answered the question- 
naire in writing and of this group only about 50 per- 
cent included comments concerning continuing edu- 
cation needs. 


Comments of Cardiologists Regarding Education 
Needs 


Continuing education needs: Tables II and III 
show the responses of the cardiologists, as a whole 
and by the stratified randomly selected subgroups, to 
the statement: “I would like continuing education 
available in . . . .” It is of interest to note that: 

1. Most cardiologists desire classroom instruction 
in a wide range of topics including general cardiology 
(81 percent), physiology (63 percent), pharmacology 
(61 percent), renal disease (56 percent), electrocardi- 
ography (65 percent), echocardiography (51 percent) 
and exercise testing (52 percent). 

2. Smaller but significant numbers of all cardiolo- 


- gists desire instruction in such areas as cardiovascu- 


lar surgery (32 percent), pediatric cardiology (30 per- 
cent), anatomy (30 percent), epidemiology (29 per- 
cent), biostatistics (21 percent) and cardiac catheter- 
ization (28 percent). 

3. Expressed needs by the cardiologist varied con- 
siderably among the subgroups in several areas, in- 
cluding general cardiology (62 to 93 percent), cardio- 
vascular surgery (20 to 56 percent), pediatric cardiol- 


ogy (21 to 50 percent), physiology (54 to 71 percent), 
pharmacology (55 to 72 percent), renal disease (40 to 
68 percent), vascular disease (27 to 59 percent). 
When asked concerning the desired length of specific 
courses, most cardiologists preferred courses not 
longer than 1 to 2 weeks’ duration. 

Table III is a continuation of Table II in answer 
to the statement: “I would like continuing education 
available in... ." This portion of the questionnaire 
asked specifically regarding personal experience 
rather than classroom instruction for the listed top- 
ics. The percent of cardiologists indicating a desire 
for personal instruction was considerably lower in 
every category than that of cardiologists desiring 
classroom instruction. 

The cardiologist can continue his education and 
update his knowledge by various methods and tech- 
niques: journals, books, audiovisual tapes, hospital 
conferences, regional meetings and national meet- 
ings. Table IV shows the responses of the cardiolo- 
gists as a whole and by subgroups to three related 
questions relative to attendance at cardiovascular 
courses or national cardiovascular meetings. It is ap- 
parent from this table that: | 

1. Most cardiologists (79 percent) attend at least 
one cardiovascular course each year. 

2. Most cardiologists (68 percent) attend at least 
one national cardiovascular meeting each year. 

3. Depending on their subgroup, from 1 to 17 per- 
cent of cardiologists attend no cardiovascular courses 
or meetings. The average would appear to be less 
than 10 percent. 


TABLE I 


Usable Responses to Cardiologists' Training Survey 


Source no. 
Institutional 
Primary, under 40 years 288 
Primary, 40 or more years 142 
Secondary, under 40 years 100 
Secondary, 40 or more years 103 
Noninstitutional 
Primary, under 40 years 282 
Primary, 40 or more years 178 
Secondary, under 40 years 43 
Secondary, 40 or more years 173 
Total 1,509 
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4. Approximately 75 percent of cardiologists be- 
lieve that the opportunities offered are adequate. 

Original training experiences: An important 
factor affecting the continuing education needs of the 
cardiologist could be his original training experi- 
ences. Tables V and VI contain the responses to the 


TABLE II 


, 


statement “Training in this topic is too limited... .' 
It is apparent that 

1. Many cardiologists believe they received inade- 
quate training experience in pediatric cardiology (47 
percent), phonocardiography (41 percent), echocardi- 
ography (74 percent), vectorcardiography (55 per- 


Percent of Cardiologists Desiring Continuing Education: Classroom Instruction 
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Percent of Cardiologists Desiring Continuing Education: Personal Experience and Laboratory Techniques 
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TABLE IV 
Percent of Cardiologists Participating in Cardiovascular Courses or National Cardiovascular Meetings 


Institutional Noninstitutional 


. Primary Secondary Primary Secondary 


Participation in Continuing IMMER ETT <40 >40 <40 >40 <40 >40 
Education Programs TE vue NIE: OTS Years Years Years Years Years Years Years 


Participation in 
cardiovascular courses 
More than 
once/year 
Once/year 
Never 
Participation in 
cardiovascular meetings 
More than 
once/year 
Once/year 
Never 
Opportunities 
offered 
Adequate 
Inadequate 


Source 5. 


TABLE V c Ww 
Percent of Cardiologists Indicating Training Too Limited: Experience in Clinical Care, Research, Teaching and Laboratory 
Diagnostic Techniques , ot 1 E AA ud ps A oe d 
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Type of Training | — — Yeas Years Years  — Year Years Years Years Years 
Experience in clinical 
care, research and. 
teaching 
Cardiac patient care 
Pediatric 
Medical 
Surgical 
Coronary care unit 
Pacemaker insertion - : 
Cardiovascular research — 
Basic | 
Clinical 
Laboratory diagnostic 
techniques 
Electrocardiography 
Phonocardiography 
Echocardiography 
Exercise tolerance 
testing 
Vectorcardiography 
Angiography 
Cardiac 
Coronary 
Peripheral 
Cardiac catheterization 


Source 5. 
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Percent of Cardiologists Indicating Training Too Limited: Laboratory and Classroom Instruction 
Institutional Noninstitutional 
Primary Secondary Primary Secondary 
<40 24) <40 >40 <40 >40 <40 >40 
Laboratory and Classroom Instruction All Years Years Years Years Years Years Years Years 
Cardiovascular anatomy 31 37 38 42 35 36 29 28 26 
Cardiovascular physiology 25 22 26 27 33 27 18 24 29 
Cardiovascular biochemistry 46 50 54 44 59 45 47 35 44 
Cardiovascular pathology 28 40 21 43 27 34 27 25 24 
Cardiovscular epidemiology 39 54 50 57 33 41 38 31 32 
Cardiovascular pharmacology 30 35 28 35 35 25 28 22 33 
Cardiovascular radiology 28 26 22 33 31 30 26 31 32 
Pulmonary physiology 43 47 39 50 34 40 42 38 49 
Hypertensive renal disease 25 39 29 30 18 29 21 18 22 
Peripheral vascular disease 34 60 29 35 32 40 32 32 28 
Cerebral vascular disease 32 56 39 28 41 46 29 24 22 
Biostatistics 59 60 59 63 64 58 60 44 63 
Bioengineering 65 53 56 67 77 55 65 55 86 
Source 5. 
TABLE VII was found inadequate by over one half of those re- 


Percent of Cardiologists Indicating Training Too Limited in 
Specific Areas 


Area Percent 
Pediatric cardiology 34 
Pacemaker follow-up 35 
Echocardiography | 55 
Vectorcardiography 34 
Coronary angiography 42 
Peripheral angiography 39 
Swan-Ganz right heart 44 
catheterization 
Biochemistry 38 
Pulmonary physiology 40 
Biostatistics 39 
Bioengineering 41 
Source 5. 


cent), coronary angiography (50 percent), biochemis- 
try (46 percent), physiology (43 percent), biostatistics 
(59 percent) and bioengineering (65 percent). 

2. There were considerable differences among the 
subgroups in several areas: phonocardiography (29 to 
59 percent), echocardiography (60 to 96 percent), cor- 
onary angiography (29 to 76 percent) and bioengi- 
neering (53 to 86 percent). 

By examining the responses of cardiologists who 
indicated that (1) their training was “too limited" 
and (2) such training is of either *medium" or “high” 
importance for the training of physicians entering 
cardiologic practices similar to theirs, a measure of 
training inadequacy or insufficiency is obtained. 
From this perspective, training was seen as insuffi- 
cient by over one third of the respondents in the 
areas shown in Table VII. The majority are in newly 
differentiated areas. Training in echocardiography 


sponding. | 

Role of certification and recertification: An- 
other important factor affecting the continuing edu- 
cation needs of the cardiologist probably will be the 
role of certification and recertification in our future 
national health care system.! It has recently been rec- 
ommended that “the feasibility of recertification, re- 
licensure, and the use of a scheme of incentives as a 
mechanism for motivating physicians to maintain a 
high level of professional competence should be ex- 
ploited.”? At the present time, less than 50 percent of 
all cardiologists are board-certified in internal medi- 
cine, and less than 10 percent are certified in cardio- 
vascular disease. If the requirements for practicing 
cardiology were made more stringent, it is likely that 
a large number of individuals would need to have fur- 
ther training and course work in order to demon- 
strate competence in the field. The Physician Reas- 
sessment Test Program currently being jointly devel- 
oped by the American College of Cardiology and the 
American Heart Association could be of assistance in 
identifying for the cardiologist his areas of strength 
and weakness, thus pinpointing for him, which cours- 
es might be most valuable to him. 


Comments of Cardiovascular Training Program 
Directors Regarding Education Needs 


The comments of one of the groups most involved 
in the continuing education of the cardiologist, the 
training program directors, seem quite relevant. 
Many directors recognize the heed for various levels 
of training and course work to fit the various roles 
and levels of competence required to practice cardiol- 
ogy. Thus not all cardiologists need to be trained in a 
similar fashion. A number of training program direc- 
tors strongly recommended physician assessment 
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tests and recertification; some even recommended 
that these be required now of all cardiologists. 

Many of the directors of larger training programs 
believed one of the major problems was stable and 
adequate funding of their programs. A number stated 
they needed additional faculty. 


Directors of many of the smaller training programs - 


frequently cited the need for pooling of teaching re- 


sources—patient material, types of procedures avail- - 
able and audiovisual facilities, particularly in the — 


basic sciences. In regard to this latter point, the need 


CONTINUING EDUCATION NEEDS ^" ADAMS 1 
+ 


Conclusions 


The continuing education needs of the cardiologist 
are currently. varied and diverse. They appear to be 
influenced by the type and content of his original 
training, his role and his age. In the future, continu- 
ing education needs will be influenced by the role of : 
certification and recertification in a national health 


care system, regional considerations, advances in 


medical knowledge and stable funding. 


for a core curriculum was frequently expressed. Sev- — — 


eral program directors urged the establishment of a (x AA 
separate television channel for physicians, particular- pd 


ly for showing national scientific meetings. 
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CHAPTER 7 





Future Manpower Needs in Cardiology 


WALTER H. PRITCHARD, MD 
WALTER H. ABELMANN, MD,. FACC 


Evidence obtained from the present study suggests 
that a laissez-faire or unplanned medical system re- 
sults in wide variations, inequalities and inadequa- 
cies in the geographic distribution of physician spe- 
cialists including cardiologists. The inadequacies of 
past planning for health manpower raise serious 
questions about traditional approaches to manpower 
studies and predictions for the future. 

Badgley and co-workers! recently critically re- 
viewed six methods of assessment and projection of 
needs for health manpower. They are (1) health per- 
sonnel/population ratio, (2) demographic projection, 
(3) need for health services, (4) supply and demand, 
(5) functional analysis, and (6) target-setting ap- 
proach. The method used in this report to assess 
manpower in cardiology is that of analyzing the num- 
ber of active cardiologists available for patient care 
per 100,000 population (health personnel/population 
- ratio). Such physician ratios per 100,000 population 
can then be used to estimate future needs. The major 
limitation of this approach is that it is based on ratios 
for which scientific and technical advances, changing 
demands and expectations are not taken into ac- 
count. 


Manpower Needs Based on Changes in 
Cardiologist/Population Ratio 


'The overall ratio of cardiologists to population in 
the United States currently is 5.1 per 100,000. In one 


census division, the ratio is as high as 8.0 per 100,000. . 


The active cardiologist manpower estimate of 10,691 
at year-end 1971 must be adjusted to reflect (1) pop- 
ulation growth rate estimates, (2) known and project- 
ed graduates from cardiovascular training programs, 
and (3) death and retirement rates associated with 
physician age groups. Population growth of 1 percent 
per year is a current planning assumption. The prob- 
able graduates each year from training programs 
were obtained from program directors through the 
Cardiovascular Training Programs Study. The fac- 
tors associated with physician deaths and retirement 
were calculated from data abstracted from 
Blumberg’s study.” A final factor that entered the 
equation was the possible expansion of training pro- 
grams as indicated by training program directors. 

If one assumes that the population will increase at 
the rate of 1 percent per year, projections of man- 
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power needs can be made for future years using vari- 
ous ratios of cardiologists per 100,000 population. Ta- 
bles I and II show such projections by census division 
through 1976 using ratios of 5, 6 and 7 cardiologists 
per 100,000 population in all census divisions. Losses 
to the population of cardiologists from death and 
from retirement are estimated. An assumption is 
made that the cardiologist over age 65 years will have 
a decreasing activity rate as a cardiologist with the 
passage of time, even though he may classify himself 
as active. For planning purposes it is estimated that 
the older cardiologist will be 50 percent active. Thus, 
if we had brought all regions of the country up to a 
ratio of 6 cardiologists per 100,000 population (in 
1972), we would have required 2,522 more cardiolo- 
gists than we had. When we project ahead through 
the year 1976, taking into account population growth, 
death, retirement and inactivity of cardiologists over 
65 years of age, 2,046 additional cardiologists would 
be required, making a total of 4,568 needed. 

If numbers of cardiologists and not their practice 
location are the only concern, then 4,568 cardiologists 
would be produced in a little over 5 years' time with 
either an annual graduate output of 800 or with an 
incremental increase per year of about 10 percent. 
The estimate of 4,568 required was made under the 
theoretical assumption that these individuals would 
be distributed where they were needed. Clearly, two 
additional factors affect the time when this proposed 
ratio might actually be achieved: 

1. The classes of 1971—72 and 1972-73 have 
been graduated and are in practice at this time. It 
is not known where they are practicing, but in all 
likelihood they are disproportionately clustered in 
areas with cardiclogist to population ratios well 
above 6.0 per 100,000. 

2. With the 1971—72 and 1972—73 graduates al- 
ready in practice, at least 1 additional year will be 
required to achieve the suggested national norm of 
6.0 per 100,000 in all census divisions. 

From the Cardiovascular Training Programs 
Study, it was determined that the 329 institutions 
providing 1 or more years of training in cardiology 
had 1,278 trainees. It was also estimated that ap- 
proximately 800 will complete their training each 
year. However, to meet the previously estimated ad- 
ditional manpower requirements of 4,568 cardiolo- 
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gists by 1976 would require an increase of 100 to 900 
for the number completing training each year. Since 
— the training program directors indicated that they 
could accommodate 58 percent more trainees if ade- 
quate funding and staffing were available, we proba- 
bly have adequate facilities for training cardiologists 
at the present time. 


Manpower Needs and Training Programs for 
Different Types of Cardiologists 


- In estimating the total numbers needed by using 
the ratios of cardiologists per 100,000 population, no 
consideration was given to the medical needs of car- 
diology or to the types of cardiologists to be trained. 
From the profile studies of the cardiologists' roles, 
four types of cardiologists were identified: 


Internist-Cardiologist (Noninstitutional, Secondary) 
- Clinical Cardiologist (Noninstitutional, Primary) 
Cardiac Specialist (Institutional, Primary) 
Academic Cardiologist (Institutional, Secondary) 


If we now look at training needs and projections in 
terms of these categories, the problem can be brought 
into sharper focus. 


Internist-Cardiologist (Noninstitutional, Secondary) 


The Internist-Cardiologist provides general medi- 
cal and cardiac care for most of his patients, but 
relies on the Cardiac Specialist for support in the 
more complex cardiac problems. He is familiar with 
diagnostic electrocardiography and acute myocardial 
infarction and functions as a primary physician but 
at a higher level than the generalist. There are pres- 
ently approximately 500 training programs in inter- 
nal medicine. The Internist-Cardiologist could re- 
ceive his training in a program of internal medicine if 
it were to include sufficient clinical cardiology em- 
bracing the problems of hypertension, coronary care, 
electrocardiography, X-ray interpretation, and the 
like. A 3 year program in internal medicine should in- 
clude at least 6 months of cardiology. Thus, his par- 
ticular tasks would be to be aware of, and concerned 
with, the relatively routine management of common 
cardiac conditions and to become a competent elec- 
trocardiographer with greater skill levels in these 
areas than those of the average internist. He should 
have considerable exposure to the use of drugs in the 
management of heart disease, particularly diuretic 
and antiarrhythmic agents. He would acquire these 
specific skills by an extended activity in the heart 
station and in a coronary care unit. If his program in 
internal medicine cannot offer at least 6 months in 
cardiology, he should have a year of cardiology train- 
ing elsewhere to insure competence in this area. 

The number of Internist-Cardiologists should be 
large. Approximately 4,500 physicians are currently 
identified in this particular role and more might be 
needed. Improved programs in internal medicine 
could reduce the number of special cardiovascular 
training programs required. Since these programs are 
now financed by hospitals, they should not require 
government support. 
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TABLE I s 


Projection of Cardiology Manpower Needs: 1972 Geographic 
Gap-Filling | 
SEU ot MEUSE LA HUN MERE NN IS CP DL SM ACTON TR BE NS 


Projected Ratios 
Present T 


Rati 6 
Population E 


Census Division (millions) Cardiologists per 100,000 Population 


Middle Atlantic 37e 8.0 
New England 11.8 7.0 T 
South Atlantic 30.7 5.8 "o 62 368 
Pacific 26.5 5.7 eit 79 344 
Mountain 8.3 4.1 74 157 240 
East North Central 40.3 3.8 483 886 1,288 
West South Central 19.3 3.6 271 464 657 
West North Central 16.3 3.4 262 425 588 
East South Central 12.8 2.5 321 449 577 
Total number needed in 1972 1,411 2,522 4,062 
Ee eee ih a et hr ee DEMSU TI TEMAS ee eS 
TABLE II 


Projection of Total Cardiology Manpower Needs: 1972 Through 
1976 


ENDE ce AIEEE SEERA 


Projected Ratios of Cardiologists 


per 100,000 Population 
5 6 ] 
ERE RS ee SS tae VEM Tia NES CUN 
Number needed in 1972 1,411 2,522 4,062 


(from Table I) 

Allowance for population growth at 530 637 743 
1 96 per year 

Allowance for death and retirement 1,063 1,063 1,063 

Allowance for inactivity above age 346 346 346 
65 

Total additional manpower needs 3,350 4,568 6,214 
through 1976 


Active cardiologists through 1976 12,632 13,850 15,496 





Clinical Cardiologist (Noninstitutional, Primary) 


The Clinical Cardiologist is usually noninstitu- 
tionally based but may be in an institutional setting 
and in that event sees a substantial number of re- 
ferred cardiac patients from his institution. He 
spends more time in consultation than the Internist- 
Cardiologist and may participate in the interpreta- 
tion of electrocardiographic records in a more formal- 
ized institutional department; he may be chief of a 
heart station in a smaller center. He has a knowledge 
of the value of vectorcardiography, echocardiogra- 
phy, phonocardiography, cardiac catheterization and 
coronary arteriography. He does not necessarily prac- 
tice these skills in a “hands-on” role. He is more in 
demand for clinical consultations and may function 
also as a director of a coronary care unit in a commu- 
nity hospital. He provides expert clinical care for car- 
diac problems and works closely with the more highly 
skilled Cardiac Specialist and Academic Cardiologist. 
He is called upon to help manage the postoperative 
problems of surgery and arrhythmias and, although 
he may not be primarily concerned with pacemaker 
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and catheterization techniques, he must be aware of 
their application and their general use in patient 
care. 

We believe the Clinical Cardiologist should have 
greater in-depth training in cardiology than the In- 
ternist-Cardiologist. He requires 2 years of training 
in cardiovascular disease. This should be spent large- 
ly in electrocardiography, coronary care and some of 
the more specialized clinical aspects of cardiology 
such as evaluation for cardiac surgery. He should also 
spend 3 to 4 months in the cardiac catheterization 
laboratory and in the noninvasive techniques labora- 
tory. In this way, he will have intimate exposure to 
the indications for and the problems encountered in 
the procedures and the interpretation of data derived 
from them. Ideally, he would also be involved in a 
clinical research project and would be knowledgeable 
in assessing and contributing to clinical trials of 


ee drugs or surgical procedures. A 2 year program in car- 


diology seems optimal. A minimum of 1 year in un- 
usual circumstances might be sufficient. The number 
of Clinical Cardiologists needed might be approxi- 
mately 6,000 to 7,000. Hospital funding for training 
the Clinical Cardiologist should continue and, in gen- 
eral, need not be financed by the federal government. 


Cardiac Specialist (Institutional, Primary) 


The Cardiac Specialist is identified as being gener- 
ally younger, a product of a formal training program 
and institutionally based. He may be a director of, or 
an important physician in, a cardiac catheterization 
laboratory, but he also has greater knowledge and 
competence in management of certain specific areas 
of clinical cardiology than the Clinical Cardiologist. 
He devotes more of his time to research and teaching 
than the Clinical Cardiologist. 

If regionalization of cardiac care occurs, he will oc- 
cupy a position of great importance in the diagnosis 
and management of the more complex problems in a 
tertiary care center. He will be the consultant for 
major problems in this center as well as the specialist 
in the catheterization laboratory and the noninvasive 
techniques laboratory. While certain of these cardiol- 
ogists will spend their careers in an institution, some 
will provide these services from a private office. Ulti- 
mately they may cease providing such service and at- 
tend more to aspects of elinical cardiology as they be- 
come older. 

In training the Cardiac Specialist of the future, at- 
tention should be given to the development of his 
clinical as well as technical skills. Training programs 
should assure the specialty of cardiology that the 
Cardiac Specialist is not overproduced and that his 
present scope of activity is broadened to include a 
more extensive clinical base than exists in some insti- 
tutions today. The number of physicians currently 
attempting subspecialty certification indicates that 
present training programs are probably adequate to 
provide the manpower pool for this group of cardiolo- 

gists, bearing in mind that the potentially useful du- 
. ration of their careers could be as long as 20 years. 
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Clearly there is a limit to the number of coronary ar- 
teriographers and echocardiographers that are need- 
ed; 1,000 to 2,000 physicians of this type appears to 
be a reasonable goal in relation to the total number of 
practicing cardiologists. Programs training Cardiac 
Specialists are benefited by federal support, and 
some are dependent upon such support. 

Standards for cardiac diagnostic and surgical cen- 
ters have recently been developed in a report submit- 
ted by a committee of the American Heart Associa- 
tion? which recommends that centers dealing with 
adult patients with heart disease should perform a 
minimum of 250 cardiac catheterizations and 150 
cardiovascular operations employing extracorporeal 
circulation per year. Centers dealing with both pedi- 
atric and adult patients should perform a minimum 
of 350 catheterizations and 200 operations employing 
open heart surgery per year. If such recommenda- 
tions are eventually accepted by agencies planning 
for future health care or by insurance companies 
presently funding these procedures, it will mean the 
elimination of many smaller centers in community 
hospitals now performing too few procedures to qual- 
ify. It will restrict these efforts to groups of physi- 
cians highly skilled in the procedures and to large 
centers. This is a desirable goal for the future. It 
would be hoped that these centers would institute 
training programs that would be smaller in number 
but better in quality and more comprehensive in na- 
ture than the programs available for training of the 
Internist-Cardiologist or the Clinical Cardiologist. 


Academic Cardiologist (Institutional, Secondary) 


The role of the Academic Cardiologist is not defin- 
able within a single profile, and he does not spend the 
majority of his time in direct patient care. He has 
some of the training and clinical expertise of those in 
the other categories described, such as at least 1 year 
in clinical cardiology, but he is also involved more in 
basic research, clinical investigation, teaching or ad- 
ministration. The Academic Cardiologist needs expo- 
sure to many, but not all, of these disciplines and, in 
addition, training in basic science, the scientific 
method and basic and clinical research. His training 
should include at least 2 or 3 years of fellowship, of 
which 1 or more should be devoted entirely to re- 
search. 

The number of such physicians would be deter- 
mined by the requirements of scientists, instructors, 
leaders and teachers. Three to five individuals per 
medical school with dispersion of some of these 
across community lines would be the order of mini- 
mal need. However, several individuals would be 
straddling an Academic or Cardiac Specialist career 
at all times, and, therefore, available to conduct some 
academic affairs within institutions. Presently there. 
are too few physicians in this category. The study re- 
vealed that there are presently approximately two 
funded but unfilled positions in each of the 190 pro- 
grams responding completely to the Cardiovascular 
Training Programs Study. Thus, there is an immedi- 
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FIGURE 1. Schematic representation of factors affecting the predic- 
tion of cardiologist manpower needs. CV = cardiovascular. 


ately definable and unmet need for this type of cardi- 
ologist, although some of the positions could presum- 
ably also be filled by the Cardiac Specialist. A rea- 
sonable estimate is that from 400 to 500 additional 
Academic Cardiologists should be developed from 
the training programs within the next 5 years. These 
programs are most appropriate for sponsorship by 
the federal government and may require such sup- 
port for their continuation. 

In summary of this section, four types of training 
programs are needed to provide the cardiology man- 
power for the future. The first is an improved pro- 
gram in cardiology for residents in internal medicine 
in any of the approximately 500 programs already ap- 
proved. The second is a 1 or 2 year program in clini- 
cal cardiology that could be given at any of the 329 
institutions providing longer training in cardiology. 
The third type of training could be given in perhaps 
100 to 150 institutions that possess a relatively so- 
phisticated department of cardiology providing ex- 
cellence in specific skill areas such as noninvasive 
techniques, stress testing, cardiac catheterization and 
coronary arteriography. The fourth type of program 
would be restricted to institutions that, in addition to 
training Cardiac Specialists, can provide an academic 
atmosphere and opportunities for research. Govern- 
ment funding probably is required for the Academic 
Cardiologist training program and possibly also for 
the Cardiac Specialist program. 


Factors Altering Needs for Cardiologists 


The Cardiologists’ Training Survey indicated that 
70 to 80 percent of cardiologists believe that about 
the correct number of cardiologists are in practice 
today. This may be true to accomplish today's goals, 
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but it may not be true in view of the priority needs 
set forth in the report of the chairman of the Heart 
and Blood Vessel Disease Panel of the National 
Heart and Lung Institute.* The report of this panel 
made certain priority recommendations in various 
areas of cardiology requiring greater emphasis in the 
future. If one were to carry out the panel's recom- 
mendations on atherosclerosis, thronibosis, hyperten- 
sion, sudden death, myocardial ischemia, heart fail- 
ure and vascular lesions, cardiologists will be needed 
in greater numbers than are present today. 

There are variables that may alter the previous 
projections. Some tend to increase the needs while 
others decrease the needs for cardiologists. 


1. Factors increasing needs for cardiologists: 

a. Improving standards of care, for example, 
increasing emphasis on screening for risk fac- 
tors for coronary disease, earlier treatment of 
hypertension in a greater segment of the 
population, improved prophylaxis for rheu- 
matic fever. Sage 

b. Improved financing of health care for all 
with National Health Insurance. It is proba- 
ble that greater opportunity for intake into 
the health care system will be available, and 
this will lead to an increased demand for 
more and better care. 

c. Development of new diagnostic and surgical 
techniques. A prime example is that of the 
coronary artery bypass operation and the de- 
velopment of an artificial heart. 

d. Restriction on numbers of foreign graduates 
entering the country. 

2. Factors decreasing needs for cardiologists: 

a. Improved productivity of cardiologists such 
as better organization of group practice, use 
of computer. techniques for history storage 
and retrieval, and general increased use of 
nurses, dietitians and physician-assistants 
for some aspects of cardiac care. 

b. Research developments such as improved 
pharmaceutical agents with less toxicity and 
greater potency in antilipid treatment, anti- 
hypertensive treatment, and the like, so that 
less observation of patients is necessary than 
at the present time. 


Figure 1 is a schematic representation of factors af- 
fecting the prediction of the cardiologists’ manpower 
needs. 


Problems of Distribution of Cardiologists 


In projecting the future needs for the four types of 
cardiologists described, another problem arises— 
their regional distribution. We have already identi- 
fied some maldistribution of all physicians including 
cardiologists. One might inquire whether there is any 
relation between the geographic distribution of cardi- 
ologists and the prevalence of, and disability from, 
cardiovascular disease. Although this question may 
be considered pertinent to the evaluation of the rela- 
tive adequacy of physician manpower needs, neither 
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evaluation of data available nor acquisition of new 
data was within the scope of the study. Review of 
available mortality data, however, indicates that sig- 
nificant regional differences exist in death rates from 
- cardiovascular disease. Thus, for example, the death 
rates for coronary heart disease for white men aged 
45 to 64 years are highest in the Middle Atlantic re- 
gion, followed by the rates for the South Atlantic and 
New England regions, and are lowest in the Moun- 
tain region, thus paralleling the distribution of cardi- 
ologists. On the other hand, the death rates from hy- 
pertensive disease are highest in the South Atlantic 
and East South Central regions, for both whites and 
nonwhites, in no evident relation to distribution of 
cardiologists. The question is, Can one be assured 
that the projected numbers of cardiologists to be 
trained will locate in the areas of regional need? How 
can one prevent the Northeast and Middle Atlantic 
areas from further increasing their supply while at 
the same time be assured that other areas such as the 
East South Central region will gather enough for its 
requirements? This is a fairly crucial question, but 
until national goals of distribution are set and meth- 
ods to implement them developed, the present condi- 
tions will continue to operate to the disadvantage of 
the deprived areas and thus further aggravate the 
present situation. 
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It has been stated recently that location of doctors 
may be more directly related to a state's per capita 
income regardless of the presence of medical schools 
in the area. The finding that many states with higher 
per capita income have more doctors per 100,000 peo- 
ple than states with more medical schools could ease 
the agitation in some areas for the establishment of 
more schools to produce more physicians. It suggests 
that improvement of per capita income of the states 
may be more important than additional medical 
schools to provide the attraction for physicians. 


Summary and Recommendations 


1. On the basis of a cardiologist to population ratio 
of 6 per 100,000, it is projected that approximately 
4,600 more cardiologists are needed in the 5 year pe- 
riod ending December 1976. 

2. Four functional types of cardiologists are identi- 
fied and their suitable numbers and their training 
needs are suggested. 

3. The problem of maldistribution and some fac- 
tors altering the projected needs are briefly dis- 
cussed. | 

4. 'The standards for cardiovascular diagnosis and 
surgical centers developed by the American Heart 
Association and the Inter-Society Commission for 
Heart Disease Resources should be implemented. 
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Adult Cardiovascular Training Programs 
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Cardiology Cardiology 
Positions Positions 
1973-1974 1972-1973 
— us EI MEM 
Avail- Avail- Medicine Bed 
State / City / Zip Code Hospital / Institution Filled ^ able Filled ^ able Residents Size 
Alabama 
Birmingham 35294 Hospital and Clinics of University of Alabama 18 18 12 12 46 692 
Arizona 
Phoenix 85006 Good Samaritan Hospital 7 7 3 3 12 715 
Phoenix 85008 Maricopa County General Hospital 3 3 2 2 18 493 
Phoenix 85013 St. Joseph’s Hospital and Medical Center 2 2 0 1 9 515 
Tucson 857214 University of Arizona Hospital 2 2 2 2 24 68 
Tucson 85723 Veterans Administration Hospital x 24 330 
Arkansas 
Little Rock 72201 University Hospital 8 8 2 2 22 294 
Little Rock 72206 Veterans Administration Hospital 22 1637 
California 
Davis 95616 University Hospitals of University of California at 
Davis 
Martinez 94553 Martinez Veterans Administration Hospital 2 2 TM sare 20 500 
Sacramento 95817 Sacramento Medical Center 13 13 13 13 36 540 
Fairfield 94535 David Grant U. S. Air Force-Medical Center 2 2 2 2 12 385 
Loma Linda 92354 Loma Linda University Hospital 3 3 1 1 35 514 
Long Beach 90801 Memorial Hospital-Medical Center of Long Beach 4 4 3 4 9 680 
Long Beach 90801 Veterans Administration Hospital 6 6 7 7 67 1675 
Long Beach 90813 St. Mary's Long Beach Hospital 1 3 1 1 7 341 
Los Angeles 90029 Cedars-Sinai Medical Center 14 14 6 7 26 dy 
Los Angeles 90029 Cedars of Lebanon Hospital Division av 26 501 
Los Angeles 90048 Mt. Sinai Hospital Division ia 26 238 
Los Angeles 90027 Kaiser Foundation Hospital Ww Pu 1 1 9 412 
Los Angeles 90033 Los Angeles County/University of Southern 9 9 7 9 121 2105 
California Medical Center 
Rancho Los Amigos ay a, i75 Nas ie 1000 
Los Angeles 90017 Hospital of the Good Samaritan Medical Center 9 9 4 4 6 412 
Los Angeles 90059 Martin Luther King, Jr. General Hospital 1 2 0 1 21 394 
Los Angeles 90024 University of California, Los Angeles Hospital 6 6 6 6 42 496 
Los Angeles 90073 Veterans Administration Center-Wadsworth 7 7 7 7 87 881 
Los Angeles 90033 White Memorial Medical Center vi ds 2 2 6 307 
Orange 92668 Orange County Medical Center 2 2 12 12 40 515 
Palo Alto 94304 Veterans Administration Hospital 1 1 1 1 80 1414 
Pasadena 91105 Huntington Memorial Hospital a ae 4 4 15 482 
San Diego 92103 Mercy Hospital and Medical Center 0 1 1 1 10 498 
San Diego 92134 Naval Hospital 3 4 3 3 42 1982 
San Diego 92103 University Hospital of San Diego County 10 10 8 8 44 466 
San Francisco 94143 H.C. Moffitt-University of California Hospital 6 6 6 6 80 553 
San Francisco 94129 Letterman Army Medical Center 4 4 2 2 16 750 
San Francisco 94115 Mt. Zion Hospital and Medical Center TA Us 3 4 11 449 
San Francisco 94115 Pacific Medical Center-Presbyterian Hospital 8 8 8 8 17 242 
San Francisco 94110 San Francisco General Hospital PR T 3 3 80 822 
San Francisco 94118 U. S. Public Health Service 2 2 2 2 13 331 
San Francisco 94121 Veterans Administration Hospital 7 7 4 4 80 352 
San Jose 95128 Santa Clara Valley Medical Center 1 1 6 6 11 641 
Stanford 94305 Stanford University Hospital 18 18 13 13 25 612 
Torrance 90509 Los Angeles County Harbor General Hospital 6 6 7 7 51 712 
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Cardiology Cardiology 
Positions Positions 
1973-1974 1972-1973 
BUT SOHO EVA SS ABER E Pc AF sini 
' Avail- Avail- Medicine Bed 
State / City / Zip Code Hospital / Institution Filled able Filled ^ able Residents Size 
CA Cawr EES eo UT ELE. 3 OP QUERIT Ds ORC NP ler UE QN CUR SPR CER RON RUE a4 ^1 022 GARE. - MOT CUBO HS Ia Cet NSE eRe ao ECC 
Colorado 
Denver 80204 Denver General Hospital 2 2 2 2 48 325 
Denver 80240 Fitzsimmons Army Medical Center 4 4 3 4 17 670 
Denver 80220 University of Colorado Medical Center 12 12 12 12 48 450 
Denver 80220 Veterans Administration Hospital of ty i. xe 48 380 
Connecticut 
Bridgeport 06602 Bridgeport Hospital 2 2 2 2 20 550 
Bridgeport 06606 St. Vincent's Hospital 2 2 2 2 18 337 
Hartford 06105 St. Francis Hospital 2 2 2 2 15 750 
Hartford 06115 Hartford Hospital 3 3 3 3 26 906 
New Haven 06511 Hospital of St. Raphael ie Ue 2 2 28 471 
New Haven 06510 Yale-New Haven Medical Center 9 9 5 5 32 767 
West Haven 06516 Veterans Administration Hospital Nd Jr. ty ok 32 711 
Norwalk 06856 Norwalk Hospital 2 2 2 2 15 390 
Waterbury 06702 St. Mary's Hospital 0 2 2 2 10 419 
Waterbury 06720 Waterbury Hospital 1 1 3 3 13 402 
District of Columbia | 
Washington, D.C. 20001 Freedmens Hospital kd 4 2 2 35 428 
Washington, D.C. 20037 George Washington University Hospital 8 8 7 7 60 528 
Washington, D.C. 20007 Georgetown University Hospital AN KR 3 3 41 413 
Washington, D.C. 20422 Veterans Administration Hospital atn Me 14 14 57 694 
Washington, D.C. 20012 Walter Reed General Hospital 6 6 7 7 27 | M9? 
Washington, D.C. 20010 Washington Hospital Center 1 1 1 1 32 845 
Florida 
Gainesville 32610 Hospital and Clinics of University of Florida 5 5 E 5 25 405 
Gainesville 32601 Veterans Administration Hospital kt ni i bus 23 450 
Jacksonville 32203 University Hospital, Jacksonville 1 2 2 2 21 495 
Miami 33136 Jackson Memorial Hospital 16 16 10 10 116 1207 
Miami 33125 Veterans Administration Hospital US Yee E à 926 
Miami Beach 33140 Mt. Sinai Hospital, Miami 11 11 11 116 644 
Pensacola 32501 University Hospital, Pensacola 3 3 5 130 
Tampa 33606 Tampa General Hospital i VE 2 2 9 588 
Tampa 33612 Veterans Administration Hospital 4 4 e 120 
Georgia 
Atlanta 30303 Emory University, Department of Medicine 31 31 31 31 66 5 
Atlanta 30303 Grady Memorial Hospital 922 
Atlanta 30922 Emory University Hospital 550 
Atlanta 30303 Crawford W. Long Hospital 525 
Decatur 30033 Veterans Administration Hospital ied rj: a: ie c 496 
Atlanta 30312 Georgia Baptist Hospital 2 2 2 2 8 475 
Augusta 30902 Medical College of Georgia Hospitals 5 5 6 8 3l up 
Augusta 30902 Eugene Talmadge Memorial 400 
Augusta 30902 University Hospital 600 
Augusta 30904 Veterans Administration Hospital T JP ee es y. 1318 
Savannah 31405 Memorial Medical Center 0 0 1 1 6 451 
Hawaii 
Honolulu 96813 Queen's Medical Center 1 1 11 447 
Illinois 
Chicago 60612 Cook County Hospital 6 6 6 6 86 2173 
Chicago 60616 Mercy Hospital and Medical Center 3 3 3 3 13 517 
Chicago 60616 Michael Reese Hospital and Medical Center 5 5 5 5 33 905 
Chicago 60608 Mt. Sinai Hospital Medical Center 3 3 3 3 12 449 
Chicago 60611 Northwestern Hospital 5 5 5 5 76 1030 
Chicago 60611 Veterans Administration Research Hospital ded d 3 3 76 523 
Chicago 60612 Presbyterian-St. Luke's Hospital 5 5 6 6 32 823 
Chicago 60637 University of Chicago Hospital and Clinic ib ite 15 15 37 665 
Chicago 60612 University of Illinois Hospital 11 12 10 10 71 581 
Chicago 60612 West Side Veterans Administration Hospital 71 545 


Cardiology Cardiology 
Positions Positions 
| 1973-1974 1972-1973 


Internal 
x ay : Avail- Avail- Medicine Bed 
State / City / Zip Code “EG Hospital / Institution | Filled ^ able Filled able Residents Size 


Illinois (cont'd) 
Evanston 60202 St. Francis Hospital 
Hines 60141 | Veterans Administration Hospital tY 
Maywood 60153 Loyola University Hospital- 


| lowa Là i | 
lowa City 52240 University of lowa Hospita Is By 
lowa City 52240 ! Veterans Administration Hospital 
Indiana | ? T E ski 
Indianapolis 46207 Indiana University Hospitals 
Indianapolis 46202 Methodist pror $4 " 


Kansas i A, oe dua 
Kansas City 66103 RIPE of Kensas Medica POUN Ad 


M 


LI Ayi 
B "a" 
Nix) 
E 


Kentucky 4 EA e AU 
Lexington 40506 Urifvereity of DNO Medical Center iis 
Louisville 40202 Louisville General Hospital - x PM 


. Louisiana E MRNA feng i 
New Orleans 70140 | Charity Hospital, fanidani State Division o 
New Orleans 70112 Hotel Dieu Hospital — AE. v 
New Orleans 70140 Charity Hospital, Tulane University Division E 
New Orleans 70112 — Louisiana State University School of Medicine e 
New Orleans 70121 - Ochsner Foundation Hospital - | j^ a 
New Orleans 70115 Touro Infirmary — . EL 
New Orleans 70140 W Veterans Administration Hospital - 
Maine SUM, pane a E MDC 
Portland 04102 — Maine Medical Center eee 
Maryland | ` Re Rc TE AL, T PME TUE 
Baltimore 21224 Baltimore City Hospital 
Baltimore 21205 | . Johns Hopkins Hospital 
Baltimore 21201 Maryland General Hospital AS 
Baltimore 21202 Mercy Hospital oen S 
Baltimore 21215 — Sinai Hospital of Baltimore - 
Baltimore 21211 d U.S. Public Health Service Hospital 
Baltimore 21201 | University of yt en nd 


Massachusetts ! P l : 
Boston 02215 Beth [enia Maspital 
Boston 02118 bk Boston City Hospital 
Boston 02124 : Carey Hospital — | 
Boston 02114 = . Massachusetts General Hospital 
Boston 02215 3 | New England Deaconess Hospital 
Boston 02111 Fas New England Medical Center Hospital 
Boston 02115 — Peter Bent Brigham Hospital 
Boston 02135 . we St. Elizabeth's Hospital 
Boston 02118 — University Hospital | 
Boston 02130 — |  — Veterans Administration Hospital - 
Boston 02132 | Veterans Administration Hospital oe Roxbury) 
Pittsfield 01201 . . Berkshire Medical Center s 
Springfield 01107 | d Springfield Hospital Medical Center Cae: 
Worcester 01605 : Memorial Hospital $: x | ay 4 
Worcester 01610 $E Vingent. Hosny 

Michigan | | E Set p uA 
Allen Park 48101 | Veterans s Ktrranistrafioh Hospital. 
Ann Arbor 48104 University Hospital x 
Ann Arbor 48105 Veterans Administration Hospital 
Ann Arbor 48104 | St. Joseph Mercy Hospital - | 
Detroit 48226 Detroit General Hospital 
Detroit 48202 Henry Ford Hospital 
Detroit 48235 Mt. Carmel Mercy Hospital 


pa 
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Cardiology Cardiology 
Positions Positions 
1973-1974 1972-1973 
ECHO EP EU REC UE EE TC 0 
Avail- Avail- Medicine ^X Bed 
State / City / Zip Code Hospital / Institution Filled ^ able Filled able Residents Size 
Michigan (cont'd) 
Detroit 48236 St. John Hospital 2 4 1 1 12 500 
Detroit 48235 Sinai Hospital 14 14 
Detroit 48201 Wayne State University Hospitals 14 14 AEN wah A NE 
Detroit 48201 Grace Hospital 8 8 20 837 
Detroit 48201 Harper Hospital 5 5 84 679 
Detroit 48201 Hutzel Hospital A T 1 1 84 387 
Eloise 48132 Wayne County General Hospital 2 2 4 8 88 474 
Flint 48502 Hurley Hospital 1 0 1 1 16 716 
Royal Oak 48072 William Beaumont Hospital 5 5 4 4 28 696 
Minnesota 
Minneapolis 55455 University of Minnesota Hospital 8 8 8 8 135 801 
Rochester 55901 Mayo Graduate School of Medicine 16 16 7 7 200 
Mississippi 
Jackson 39216 University Hospital 2 2 3 3 40 440 
Jackson 39216 Veterans Administration Hospital 40 498 
Missouri | 
Columbia 65201 University of Missouri Medical Center 4 4 3 4 25 455 
Kansas City 64111 St. Luke's Hospital 1 1 17 517 
St. Louis 63110 Barnes Hospital Group ^ A idis 7 8 15 1057 
St. Louis 63110 Jewish Hospital of St. Louis 6 6 6 6 20 511 
St. Louis 63104 St. Louis University Medical Center 3 5 4 5 36 2807 
St. Louis 63104 Firmin Dislodge General Hospital 36 100 
St. Louis 63104 St. Louis City (University Service) Hospital hs As s i 13 319 
St. Louis 63112 St. Luke’s Hospital 1 1 1 1 9 389 
Nebraska 
Omaha 68105 University of Nebraska Hospital 5 5 32 316 
Omaha 68105 Bishop Clarkson Memorial Hospital Pr? s 45 s X 32 424 
Omaha 68108 Creighton Memorial St. Joseph's Hospital 4 5 5 5 14 570 
Omaha 68105 Douglas County Hospital 14 239 
Omaha 68105 Veterans Administration Hospital 14 446 
New Jersey | 
East Orange 07019 Veterans Administration Hospital 4 4 4 4 90 1038 
Hackensack 07601 Hackensack Hospital 1 1 1 1 10 439 
Jersey City 07304 Jersey City Medical Center 8 8 33 579 
Livingston 07039 St. Barnabas Medical Center d MT 2 2 9 750 
Long Branch 07740 Monmouth Medical Center 1 1 1 1 14 590 
Newark 07109 St. Michae! Medical Center 5 5 5 5 14 405 
Newark 07107 Martland Hospital vd n 7 7 90 625 
Newark 07112 Newark Beth Israel Medical Center 4 4 2 3 19 500 
Paramus 07652 Bergen Pines County Hospital 3 3 3 3 20 1099 
Piscataway 08854 Raritan Valley Hospital-Rutgers Medical School 2 2 
New Mexico 
Albuquerque 87131 University of New Mexico Affilated Hospitals 5 5 9n Piet i vv. 
Albuquerque 87106 Bernalillo County Medical Center 3 3 29 220 
Albuquerque 87108 Veterans Administration Hospital 29 430 
Albuquerque Lovelace Clinic, Battan Hospital 
New York 
Albany 12208 Albany Medical Center 2 2 38 738 
Albany 12208 Veterans Administration Hospital Yu P. 14 402 
Buffalo 14203 Buffalo General Hospital AS Eso 2 2 54 677 
Buffalo 14215 Edward J. Meyer Memorial Hospital 3 3 2 2 54 740 
Buffalo 14215 Veterans Administration Hospital ays m 4 4 20 881 
East Meadow 11554 Nassau County Medical Center-Meadowbrook 3 3 3 3 39 588 
Division 
Mineola 11501 Nassau Hospital 1 2 1 1 10 425 
Manhasset 11030 North Shore University Hospital 3 3 3 3 42 424 
New Hyde Park 11040 Long Island Jewish-Hillside Medical Center 6 6 5 5 53 658 
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Cardiology Cardiology 
Positions Positions 
1973-1974 1972-1973 
cac cens nc 1 r5 7 eA 
Avail- Avail- Medicine Bed 
State / City / Zip Code Hospital / Institution Filled able Filled ^ able Residents Size 
New York (cont'd) 
New York 10016 Bellevue Hospital 5 5 6 6 60 1779 
New York 10016 University Hospital "^ MT MP 60 630 
New York 10003 Beth Israel Medical Center 3 3 3 3 82 971 
New York 10456 Bronx-Lebanon Hospital 2 2 2 2 33 575 
New York 10461 Bronx Municipal Hospital Center 3 3 3 3 47 1179 
New York 11212 Brookdale Hospital Center ry rar 4 4 25 421 
New York 11201 Brooklyn-Cumberland Medical Center 3 3 3 3 30 852 
New York 11373 City Hospital Center at Elmhurst 4 4 3 3 38 965 
New York 11235 Coney Island Hospital 4 4 4 4 36 575 
New York 11203 Downstate Medical Center 5 5 7 7 54 2237 
New York 10458 Fordham Hospital dett 1 1 36 406 
- — New York 11211 Greenpoint Hospital am 2 3 24 174 
- —- New York 10037 Harlem Hospital 3 3 3 s 44 1028 
New York 10461 Hospital of the Albert Einstein College of 3 3 47 379 
Medicine 
. New York 11418 Jamaica Hospital 1 1 1 1 14 286 
New York 11238 Jewish Hospital and Medical Center of Brooklyn 3 3 24 638 
New York 11203 Kingsbrook Jewish Medical Center 3 3 2 2 24 822 
New York 10021 Lenox Hill Hospital 5 5 5 5 17 588 
New York 11201 Long Island College Hospital 2 2 2 2 10 567 
New York 11219 Maimonides Medical Center ; 4 4 21 613 
New York 11432 Mary Immaculate Division 1 1 5 5 47 260 
New York 10021 Memorial Hospital for Cancer and Allied Diseases 2 2 2 2 42 444 
New York 11215 Methodist Hospital of Brooklyn 3 3 4 4 15 547 
New York 10466 Misericordia Hospital rM 2 2 36 345 
New York 10467 Montefiore Hospital and Medical Center 10 10 9 9 55 719 
New York 10452 Morrisania City Hospital ee 6 6 55 308 
New York 10029 Mount Sinai Hospital 7 7 8 8 48 1151 
New York 10021 New York Hospital-Cornell Medical Center 7 7 9 9 42 1078 
New York 10029 New York Medical College 4 4 4 4 44 405 
|». New York 10029 Flower and Fifth Avenue Hospital (Unit 1) 44 405 
New York 10029 Metropolitan Hospital (Unit 2) Pi. ae 44 910 
- — New York 10032 Presbyterian Hospital * 5 5 32 1499 
New York 11432 Queens Hospital Center 3 3 8 8 47 1155. 
~ New York 10019 Roosevelt Hospital 3 3 3 3 18 595 
New York 10025 St. Luke’s Hospital Center 6 6 7 7 22 725 
New York 10011 St. Vincent's Hospital and Medical Center J 3 3 3 22 818 
New York 11213 State University Hospital 8 8 54 350 
New York 10304 United States Public Health Service Hospital DAN 1 3 16 500 
New York 10468 Veterans Administration Hospital (Bronx) 5 5 5 5 53 1023 
New York 11209 Veterans Administration Hospital (Brooklyn) 2 3 3 46 1000 
- New York 10010 Veterans Administration Hospital (Manhattan) MN van 4 4 31 1080 
° — Rochester 14607 Genesee Hospital 2 2 2 2 16 400 
Rochester 14620 Highland Hospital of Rochester 1 2 2 2 9 262. 
Rochester 14621 Rochester General Hospital 3 3 3 3 16 526 
Rochester 14611 St. Mary's Hospital 1 1 1 2 16 318 
Rochester 14642 Strong Memorial Hospital, University of 12 12 13 13 32 665 
x Rochester 
Syracuse 13210 . State University Hospital 4 4 3 3 28 32? 
* . North Carolina | 
.. Chapel Hill 27514 North Carolina Memorial Hospital 7 7 6 6 28 377 
Charlotte 28203 Charlotte Memorial Hospital ety 2 3 8 811 
Durham 27706 Duke University Medical Center 29 29 29 29 40 802 
> Winston-Salem 27103 North Carolina Baptist Hospital Ig, 5.2 2 2 18 477 
E. | s 
.. Ohio 
Akron 44309 Akron City Hospital 1 1 1 1 9 651 
Akron 44307 Akron General Hospital Be one v yd 16 540 
Cincinnati 45229 Cincinnati General Hospital 8 8 8 8 53 651 
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- State / City / Zip Code 


Ohio (cont'd) 
Cincinnati 45220 
Cincinnati 45220 
Cleveland 44106 
Cleveland 44109 
Cleveland 44113 
Cleveland 44112 
Cleveland 44106 
Cleveland 44104 
Cleveland 44106 
Cleveland 44106 . 
Columbus 43210 
Columbus 43222 
Columbus 42214 
Dayton 45406 
Dayton 45409 
Kettering 45429 
Toledo 43606 
Youngstown 44505 
Youngstown 44501 - 


Hospital / Institution 


Veterans Administration Hospital ET 
Good Samaritan Hospital | 
Cleveland Clinic 


Cleveland Metropolitan General Hospital 


= Lutheran Medical Center TRAN X 7 - 


QN un 


Huron Road Hospital = = .. 2 ; 
Mt. Sinai Hospital of Cleveland. Pas 


St. Luke's Hospital | 
University Hospital of Cleveland - 
Veterans. Administration Bisshal: 


=- Ohio State University Hospitals 
|... Mt. Carmel. Hospital. A 


Riverside Methodist Hospital - 
Good Samaritan Hospital - 
Miami Valley Hospital — 


A Charles F. Kettering Memorial Hospital p 
. Toledo Hospital — 


St. Elizabeth Hospital | 
Youngstown P nde 


Cardiology 
Positions 


Filled - 


1973-1974 


Avail- 


able 


1972-1973 
Avail- 


Cardiology 
Positions 


Filled 


~% 


able 


4A» n0 H . 


Internal 
Medicine 
Residents 


Bed 
Size 


Oklahoma ne 
Oklahoma City 73190 - University Hospital 
Oklahoma City 73102 St. Anthony Hospital 
Oklahoma City 73104 Veterans Administration Hospital 
Oklahoma City 73190 ANSY of Oklahoma Peseta 
Oregon 
Portland 97201 


ES oe 

reu, 2X * 
^ 

IO 

G9 


University 3f brigon Medical RE 


Portland 97207 
Pennsylvania 


Danville 17821 


Harrisburg 17101 | 


Hershey 17033 
Johnstown 15905 


Vereins Adm ninistration Hospital 


H 
d ê 
T 


: Geidinger Medical denter. 


Harrisburg Hospital — ets 
Milton S. ‘Hershey Medical Center - 


| Conemaugh Valley Memorial Hospital - 


X ui 


x 


LZ 


E E ir pu 
DO mon P 


Philadelphia 19141 
Philadelphia 19125 
Philadelphia 19146 
Philadelphia 19102 
Philadelphia 19145 
Philadelphia 19129 
Philadelphia 19104 
Philadelphia 19151 
Philadelphia 19143 
Philadelphia 19145 
Philadelphia 19107 
Philadelphia 19104 
Philadelphia 19104 


Albert Einstein Medical Center TA b at 
. Episcopal Hospital E RC eae.) Ca, ^ 
. Graduate Hospital, University of Pennsylvania | 
Hahnemann Medical College and Hospital - è m 
St. Agnes Hospital i "m sur rat 
Hospital of Medical College of Pennsylvan nia. 
.. Hospital of University of Pennesivenia 
Lankenau Hospital Sa " 
Misericordia Division = . 
Naval Hospital CU ETT ES vee Pee 
Penn Hospital. Ko d MeL DINI. 
Philadelphia General Hospital ^ TS dd P E 
Presbyterian University of Pennsylvania jr SAC EU 
Medical Center n she agar iin 
Temple University Hospital - | 
Thomas Jefferson University iHásbital: 
Veterans Administration Hospital — 
Allegheny General "ospite TR 
Mercy Hospital | dal e 
Montefiore Hospital - eit 
Presbyterian-University Hospital - 
St. Francis General Hospital 
Western Pennsylvania Hospital — 
Robert Packer Hospital ^ 


t. 


a 


OBE AN OW 
BOENANOW:! 


Philadelphia 19140 
Philadelphia 19107 
Philadelphia 19104 
Pittsburgh 15212 
Pittsburgh 15219 
Pittsburgh 15213 
Pittsburgh 15213 
Pittsburgh 15201 
Pittsburgh 15224 


Sayre 18840 
Puerto Rico 


Ponce 00731 
San Juan 00935 
San Juan 00936 


Se 4» OC! Q) WwW DH PY OI CO 


m 


Ponce District General Hospital 
University District Hospital 
Veterans Administration Center 


m C 
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Cardiology 
Positions Positions 
1973-1974 1972-1973 
SEITE at as Bose internal 
| Avail- Avail- Medicine ^ Bed 
State / City / Zip Code Hospital / Institution Filled ^ able Filled able Residents Size 
Rhode Island 
Providence 02906 Miriam Hospital es 2d 2 2 9 247 
Providence 02902 Rhode Island Hospital 5 5 4 4 28 726 
— . Providence 02908 Veterans Administration Hospital 2 ND 2 2 21 319 
— — South Carolina 
Charleston 29401 Medical University of South Carolina 4 4 4 4 40 485 
Charleston 29401 Charleston County Hospital T. n; M. rem 40 172 
Charleston 29403 Veterans Administration Hospital d$ cda a A, 40 388 
Tennessee 
Chattanooga 37403 Baroness Erlanger Hospital e e 1 1 10 652 
Memphis 38163 University of Tennessee 7 7 7 7 M E 
Memphis 38103 City of Memphis Hospital t 39 659 
Memphis 38103 Baptist Memorial Hospital 24 1601 
~ Memphis 38104 Veterans Administration Hospital t Tr T» vy 39 983 
Nashville 37208 G.W. Hubbard Hospital-Meharry Medical College 1 1 3 4 7 208 
$ Nashville 37203 St. Thomas Hospital ve A 1 1 8 331 
Nashville 37232 Vanderbilt University Hospital 6 6 6 6 39 481 
Nashville 37203 Veterans Administration Hospital 485 
-= Nashville 37210 Nashville Metropolitan General Hospital 189 
Texas 
Dallas 75246 Baylor University Medical Center 5 5 5 5 14 975 
Dallas 75208 Methodist Hospital of Dallas 4 4 4 4 6 465 
Dallas 75216 Veterans Administration Hospital 3 3 1 1 26 733 
Dallas 75235 Parkland Memorial Hospital A AU 7 7 35 765 
Dallas 75235 St. Paul Hospital 2 3 2 3 6 490 
Dallas 75235 University of Texas Health Science Center 12 12 "wc = T4 "he 
Galveston 77550 University of Texas Medical Branch Hospital 4 4 5 5 34 1094 
Houston 77025 Baylor College of Medicine 25 25 4 LE ide ee 
Houston 77025 The Methodist Hospital 4 4 60 1040 
Houston 77025 Ben Taub General Hospital 4 4 60 467 
Houston 77031 Veterans Administration Hospital 3 3 60 1219 
Houston 77025 Hermann Hospital ep T 1 1 9 480 
t — Houston 77025 St. Luke's Episcopal Hospital 12 12 11 11 60 750 
' Houston 77025 University of Texas Medical School at Houston 1 1 Yu oS ry TE Cs. 
San Antonio 78229 Bexar County Teaching Hospital-University of 3 3 26 475 
Texas 
San Antonio 78234 Brooke Army Medical Center 4 4 5 5 36 900 
San Antonio 78236 Wilford Hall U.S. Air Force Medical Center 1 4 1 4 21 1000 
Temple 76501 Scott and White Memorial Hospital 0 1 1 1 16 974 
Utah 
Salt Lake City 84112 University Hospital (University of Utah Medical 8 8 9 9 20 281 
e Cente:) 
Salt Lake City 84103 Latter-Day Saints Hospital té 454 i4 ue 10 568 
Salt Lake City 84113 Veterans Administration Hospital Lo: dan ^h Lais 20 561 
Vermont 
Burlington 05401 Medical Center Hospital of Vermont 4 4 4 4 18 527 
e Virginia 
, Charlottesville 22901 University of Virginia Hospital 4 4 3 3 41 560 
e. Richmond 23219 Medical College of Virginia Hospital ^r ix 10 10 70 995 
Richmond 23219 Veterans Administration Hospital e Sis 4 ud 70 868 
_ Washington 
Seattle 98105 University Hospital 13 13 13 13 55 324 
E .. Seattle 98104 Harborview Medical Center dd vi T on 55 253 
^ . Seattle 98108 Veterans Administration Hospital qua es A t 55 302 
| Seattle 98144 U.S. Public Health Service es eens we ME 55 257 
— . West Virginia 
Morgantown 26506 West Virginia University Medical Center 3 3 2 2 28 433 
Mnatahar 1 107A Tha A marinan laurnal af CADNINI AlV Vahina 24 AEE 
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State / City / Zip Code 


Wisconsin 
Madison 53705 
Madison 53705 
Milwaukee 53226 
Milwaukee 53193 


Wauwatosa 53213 


Hospital / Institution 


University Hospitals 
Veterans Administration Hospital 
Milwaukee County General Hospital 
Veterans Administration Center (Wood) 
Hospital UNS 
Medical College of Wisconsin 


Cardiology 
Positions 


1973-1974 


Avail- 
Filled able 


1972-1973 


Cardiology 
Positions 


Internal 
Avail- Medicine 
Filled able Residents 


32 
32 
51 

6 


Bed 
Size 


— 666 


420 
479 
807 
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The most definitive work 
on the subject to date. 
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The complete table of contents 
speaks for itself and is all 
the promotion that is needed. 
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e Dr. Laragh's Hyperten- | |.] Full payment enclosed. C] Please bil! me C] Intern, Resident, Student 
sion Manual will undoubt- (Special Price $35.00) 
edly become the standard 
reference work in Hyper- 
tension. Use the attached 1 
form to place your order. 
This is the first in a series : NAME. oc a a —— o 
of Yorke Medical Books— { 
from the publishers of 7 ADDRESS 
The American Journal of | 
Cardiology, The Ameri- J CITY : Y^ NA vy: SS ZIP 
can Journal of Medicine, l P SEL SEO AA ides gi 
The American Journal of | Plus appropriate Sales Tax if in New York State 
Surgery, and Cutis. 


ALL NITROGLYCERINS START OUT POTENT. 


UNDER DELIBERATELY DEMANDING TEST CONDITIONS, | 
NITROPRN STAYED POTENT LONGER. 


(Patients may leave their nitroglycerin exposed. The open-dish method, a most — 
demanding stability test, showed that Nitroprn retained its potency even under extreme exposure, 
thus protecting even careless patients.) 








Introducing 
new Catapres 


(clonid i ne hyd roch loride) Tablets of 01 and 0.2 mg 


an important new 
antihypertensive agent 


Effective in a wide range of 
hypertensive patients 


Mild and infrequent orthostatic effects 


Does not alter normal hemodynamic 
responses to exercise 


Renal blood flow and glomerular filtration 
rate essentially unchanged 


Mild to moderate potency 


The most common side effects — dry mouth, 
drowsiness, and sedation — generally 
tend to diminish with continued therapy. 

Other adverse reactions are listed in the summary . 
of the prescribing information on the adjacént page. 


Boehringer Ingelheim 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 





Pauw ww ees" 


(clonidine hydrochloride) 

Tablets of 0.1 mg and 0.2 mg 

Indication: The drug is indicated in the treatment 
of hypertension. 

Warnings: Tolerance may develop in some patients 
necessitating a reevaluation of therapy. 

Usage in Pregnancy: In view of embryotoxic find- 
ings in animals, and since information on possible 
adverse effects in pregnant women is limited to 
uncontrolled clinical data, the drug is not recom- 
mended in women who are or may become pregnant 
unless the potential benefits outweigh the potential 
risk to mother and fetus. 

Usage in Children: No clinical experience is avail- 
able with the use of Catapres (clonidine hydro- 
chloride) in children. 

Precautions: When discontinuing Catapres 
(clonidine hydrochloride), reduce the dose gradu- 
ally over 2 to 4 days to avoid a possible rapid rise 
in blood pressure and associated subjective symp- 
toms such as nervousness, agitation, and headache. 
Patients should be instructed not to discontinue 
therapy without consulting their physician. Rare 
instances of hypertensive encephalopathy and 
death have been recorded after cessation of 
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INTRODUCTION 





|. Views of a Cardiologist 


HENRY D. McINTOSH, MD, FACC 


From the standpoint of a cardiologist, it is apparent 
that “The Development and Introduction of New 
Cardiovascular Drugs” is more than a challenge. It is 
a problem of grave importance to this country and to 
the health of our people. During this Conference we 
must make our greatest intellectual, emotional and 
physical efforts to move the problem into the chal- 
lenge arena and then not rest until the challenges are 
met by the necessary powers in our society. There 
must come out of this meeting clear definitions of the 
challenges with thoughtfully defined primary and al- 
ternate solutions for solving them. | 

As a cardiologist, I believe that the present prac- 
tices and controls over the development and intro- 
duction of cardiovascular drugs are not in the best in- 
terest of quality health care delivery. But I am not 
against carefully thought out controls. I concur with 
Dr. Charles Edwards' remarks of April 4 to the drug 
industry!: 


... everywhere you look you find clear evidence that the 
people of this country are demanding tighter control of 
the health care system. And more than that, they are 
saying that self regulation, whether by industry, the 
medical profession or any other segment of the system, 
simply is not to be trusted. Not even when it is carried 
out under the watchful eye of the Federal government. 


However, I am not sure that the people who are de- 
manding tighter controls appreciate the hazards and 
problems that result from such controls. Therefore, 
in some areas we need to educate the people about 
the problems and dangers of controls. 

I further agree with Dr. Edwards when he said, “If 
the institution of American medicine is to serve the 
American people as they have every right to be 
served, then that institution and all of its separate 
and interrelated parts, will have to shoulder the bur- 
den of self-correction. For no one of them, not even 
government, can accomplish that task alone." It 
would seem clear that the membership of this Be- 
thesda Conference is assembled for the purpose of 
shouldering a part of the burden of self-correction 
whether it is more controls or more education that is 
required in drug regulation. I believe that the present 
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situation in the development and introducticn of new 
cardiovascular drugs must be changed if we are to at- 
tain the goals enunciated by Dr. Edwards in his ad- 
dress. These goals were: 


1. Quality health care at a cost that individuals and 
society can afford. 

2. The establishment of effective and mutually sup- 
porting relationships among all elements of the system. 

3. Preservation of independence and professional 
pride among those who furnish health care. 

4. Fair incentives for those who develop and distrib- 
ute products essential to the working of the health care 
system. 

Historical Background 


There can be little doubt that legislation that was 


. passed by Congress in 1962 with the regulations that 


implemented the new Harris amendments to the 
Food, Drug and Cosmetic Act is not the only reason 
for calling this Bethesda Conference. I quote from 
the 1964 Book of the Year of the Encyclopaedia Bri- 
tannica.? I went to that source because it seemed it 
might review those events in an unbiased, unpreju- 
diced manner: 


Although the new amendments and regulations applied 
only to the U. S., a steady decline in the introduction of 
new drugs also occurred in Europe during this same peri- 
od. Since the U. S. drug market is the richest in the 
world and foreign drug manufacturers account for a large 
proportion, and occasionally for as much as 50 percent, 
of the new drugs introduced in the U. S., the legislation 
was blamed for depressing creative thinking in drug re- 
search the world over. 


It has been said that one must learn from the past 
or be prepared to relive it. Thus, a few minutes de- 
voted to reviewing the circumstances that culminated 
in the Kefauver-Harris Amendments to the Food, 
Drug, and Cosmetic Act and the regulations that fol- 
lowed might be profitable and thought-provoking. 

The Kefauver Subcommittee was created by the 
Senate to deal with antitrust and monopoly legisla- 
tion.? It originally directed its attention to the eco- 
nomic aspects of the pharmaceutical industry, which 
had had a phenomenal growth after World War II. As 
the investigation proceeded, abuses were cited: 


T 


1. Promotional techniques were used by the indus- 
try to promote new drugs. 

2. The industry used drug nomenclature in a way 
that limited competition. 

3. The American drug patent system was alleged 
to offer more protection than patent rights granted 
any other country. 

Critics of the pharmaceutical industry contended 
that the alleged shortcomings were not in the best in- 
terest of the national health. Therefore, Senator 
Estes Kefauver introduced a bill in the Senate de- 
signed to control activities in these areas. The phar- 
maceutical industry opposed the bill, although it was 
generally agreed, according to my source, that certain 
of the criticisms were justified and that some of the 
practices required control. Strong opposition to the 
bill in the Senate made it clear that, without compro- 
mise, very few if indeed any of the original proposals 
would pass the Senate. Efforts at compromise were 
unsuccessful and it appeared that the Kefauver 
amendments would die in committee. 

At this point news stories began to appear about 
thousands of infants born deformed in Germany, 
Great Britain and other countries because their 
mothers had taken the new drug thalidomide during 
pregnancy. Even though thalidomide was never legal- 
ly sold in the United States, the Senate abruptly re- 
versed its thinking. 

After elaborate hearings, Kefauver's bill was unan- 
imously adopted by the Senate. The companion Har- 
ris bill quickly passed the House also unanimously 
and the Kefauver-Harris amendments to the Food, 
Drug and Cosmetic Act of 1938 became law in Octo- 
ber 1962. Whereas previously the Food and Drug Ad- 
ministration was required to pass only on the safety 
of new drugs, proof of effectiveness of new drugs was 
now required. In addition, the provision was retroac- 
tive and required the demonstration of effectiveness 
for all drugs introduced into commerce since 1938. 

After the passage of the drug amendments, regula- 
tions were issued by the Commissioner of the FDA to 
guide both the pharmaceutical industry and clinical 
investigators in the use of investigational new drugs 
in human subjects. As is so frequently the case, the 
problems are created not by the law itself but by the 
implementation of the law by responsible and fre- 
quently unresponsive directors of agencies. What 
started out as a bill designed to prevent monopolistic 
control of the pharmaceutical industry became a sort 
of monopoly in itself. One cannot help but wonder 
had the industry been more responsive initially that 
laws would have been written without the influence 
of the emotionalism associated with thalidomide-de- 
formed children. 

I would be amiss to leave the impression that I 
think no good has come from the amendments of 
1962. I quote again from the Yearbook of the Ency- 
clopaedia Britannica, this time the 1963 issue*: 


Campaigns to expose medical and nutritional quackery 
were also stepped up to protect consumers of food and 
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drugs from being victimized at cost to life and health. 
The campaigns were also designed to prevent the expen- 
diture of more than a billion dollars each year for worth- 
less and unnecessary products. 


The authors of the Britannica say in 1964? after 
discussing the decline in the approval of new drugs: 


The current drug depression . . . (which they attribute 
to the restriction of the new laws) . .. may, however, pro- 
vide a much needed period of contemplation and reeval- 
uation for the medical profession. 


I ask you, Has this occurred? The answer is most cer- 
tainly no. For this reason I believe that this confer- 
ence should have been held 6 years ago. 

I continued my search through the Encyclopaedia 
Britannica for information on the decline in new 
drugs being approved by the FDA in this country 
over the last 10 years. The 1968 edition? stated: 


... The regulatory role of governmental agencies, partic- 
ularly the FDA, in establishing drug safety and effective- 
ness under current laws remains controversial. The im- 
passe is caused largely by incompleteness of scientific 
knowledge and lack of satisfactory methodology. A strik- 
ing example has to do with possible detrimental effects 
of drugs on the developing child in pregnant women: in 
spite of intensive efforts no one has yet succeeded in 
finding an experimental animal model that would give 
meaningful results. Meanwhile, the drug industry con- 
tends that the FDA's demands for more and more data, 
of increasingly sophisticated and comprehensive kinds, 
has caused a steep and rapid rise in the cost of research 
and development as well as marketing delays that neces- 
sitate larger financial investments. 


About a dozen really new therapeutic agents ap- 
peared on the U. S. market during 1967: 


Because of strict requirements of the official agencies 
and the difficulties of therapeutic research, the number 
of new drugs introduced during 1968 was relatively low. 


In the Yearbook for 19695: 


'The existence of pharmacology as a discipline and as a 
separate subject in the medical curriculum has been 
questioned. 


In the Yearbook for 1970 there was no section de- 
voted to pharmacology. As if tiring of the repetitive 
mention of the problems with the approval of drugs, 
the Encyclopaedia Britannica has made no further 
mention of the dilemma in the 1971, 1972, 1973 and 
1974 editions. 

So much for background. I conclude that the pres- 
ent state of affairs regarding the development and in- 
troduction into clinical practice of cardiovascular 
drugs is counterproductive to the goals enunciated by 
Dr. Edwards. 


Role of the FDA 


I should like to examine briefly faults found in the 
performance of the FDA, industry, physicians, politi- 
cians and the lay public that contributed or can con- 
tribute positively or negatively to the development 
and introduction of new cardiovascular drugs. I con- 
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cur generally with the five complaints against the 
FDA cited early this year by Dr. Leo E. Hollister® of 
Stanford University Medical Center: 

1. Impeding the innovation of new drugs. 

2. Lengthy and costly process for filing and assess- 
ing an NDA. 

3. The FDA has extended its powers to include 
funetions that the law did not intend. 

4. Overemphasis of legal rather than scientific 
funetions of the FDA. 

5. The FDA is subject to influence by politicians, 
the press and pressure groups. 

Let us examine each briefly. 

1. The number of new drugs appearing on the 

American market has declined sharply over the past 
decade. I will not enumerate here the apparently ef- 
fective cardiovascular drugs that are available in 
other countries. 
. Several reports comparing the policies of the 
American FDA with those of the British Safety of 
. Medicine Committee have appeared in recent 
years.^? This committee was established in Great 
Britain by the Minister of Health in 1963 after the 
thalidomide disaster. The pharmaceutical industry 
pledged not to put a medicine to clinical trial or to 
market a new drug without approval of the commit- 
tee. The committee established a registry of adverse 
reactions to medicines. They reasoned that no matter 
how meticulous the pharmacologic testing and clini- 
cal trials of a new medicine may be, there is ultimate- 
ly no substitute for years of experience with it in 
practice. | 

The British committee does not concern itself with 
efficacy of medicines as such but only with efficacy in 
relation to safety. A considerable degree of toxicity 
might be acceptable in a medicine that arrests the 
growth of cancer, but one used for the symptomatic 
relief of the common cold would have to be relatively 
innocuous. The present system of phases of clinical 
evaluations of drugs is sophisticated enough so that 
relatively few persons are exposed to unknown or 
unexpected hazards of new drugs during the early 
stages of investigation. 

The major exposure occurs during the late phase of 
large scale clinical trials and immediately after the 
drug has been introduced to the market. During 
these stages the number of persons exposed to a new 
drug increases geometrically. Hollister® suggested 
that “more emphasis on monitoring of drugs at these 
more critical stages of development, rather than 
being so restrictive during these earlier phases might 
not only protect the patients better, but also allow for 
more drugs to have their clinical work evaluated 
more quickly, easily and cheaply than is possible 
under FDA regulations." 

It must be appreciated that to withhold a useful 
drug unduly may be as injurious to our society as to 
release one that is not useful or even has side effects. 
Sir Derrick Dunlop? of Edinburgh suggested that 
many thousands of people would have died in the in- 
tervening period had a delay of 4 to 5 years been im- 


posed on the introduction of sulfapyridine. Peltz- 
man? calculated the economic effect of introducing a 
hypothetical drug therapy in 1970 that could gradu- 
ally reduce the death rate from all heart disease by 10 
percent by 1980. He estimated that a delay of 2 years 
in the release of such therapy would cost the United 
States at least $2.5 billion and many lives. 

2. In a “fair incentive" system, as recommended 
by Dr. Charles Edwards, the lengthy and costly pro- 
cesses for filing and assessing an NDA will impede 
the innovation of new drugs. In the 1950's and early 
1960's it cost $534,000 and required about 5 months 
of time to develop a new drug. In 1968 it cost 
$1,342,000 to develop a new biological and a bit more 
for a single chemical agent. The cost is now estimated 
to be between $2.5 and $4 million and to require 5 to 
7 years. For each success in the pharmaceutical in- 
dustry there are 6 to 10 failures. Thus it has been es- 
timated that it takes between $10.5 and $15 million 
to market the winner.!? Since the time taken to intro- 
duce the drug counts against the length of patent 
protection, the latter is much shorter than the pre- 
sumed 17 years. Dunlop? stated that it usually takes 
as many years in the United States as it takes months 
in the United Kingdom for a new medicine to be li-. 
censed. 

3. The 1962 law gave to the FDA the responsibility 
to assume safety and efficacy in drugs. However, it 
has exceeded the intent of the law. The package in- 
sert puts the FDA in a position of interfering with the 
prescribing practice of physicians. Although the 
package insert is said to be only a guideline, it is far 
more. In the days of frequent civil actions by pa- 
tients, physicians are becoming increasingly leery of 
deviating in their practice from the recommendations 
of the package insert. Thus, the insert may tend to 
have the effect, if not the actuality, of drug regula- 
tion. 

4. The FDA and the pharmaceutical industry 
seem to be engaged in a game of cops and robbers. 
There is little evidence that the FDA is contributing 
significantly to the development of useful drugs. But 
then one might ask, Should it? After all, it is a regu- 
latory agency. But certainly at times it seems that 
few in the agency understand the biological system. I 
assume that they are fine lawyers, for they get bogged 
down in so many regulations. 

9. Finally, the FDA or any federal agency of the 
government is subject to pressures by politicians, the 
press and pressure groups. The implications of this 
possibility are even more cause for concern today 
with the attitudes that apparently emanate from the 
Oval Office toward the use of agencies as instruments 
for gaining personal power. 


Role of Pharmaceutical Industry 


The FDA does not contain all of the bad guys. 
There are a few others in this arena. 

I have indicated that the pharmaceutical industry 
should have been more responsive in 1962. Other 
faults could be leveled toward the industry. 
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1. Pharmaceutical companies do have to make 
enormous investments, but as one watches the indus- 
try one cannot help but wonder if the profit motive 
does not become the primary cause for existence. 


. This concern becomes even greater as the so-called | 


ethical drug houses become parts of large holding 
companies or conglomerates and thereby become 
only a part of a financial quilt. I think that the public 
is going to want to know how much is being made 
from their misfortunes. 

2. I think that the industry should have estab- 
lished on its own a means for controlling bioavailabil- 
ity. To get a trademark preparation that has an indi- 
vidual identity, the companies appear to modify the 
pharmaceutical formulation by changing particle size 
and shape, crystal form, the kind and quantity of lu- 
bricants, detergents and coloring agents so that the 
therapeutic effect of an active principle will vary 
widely from one preparation to another. Even more 
disturbing, the bioavailability of different lots from 
- the same company in some cases varies widely. 

3. I call attention to a recent editorial by Franz In- 
gelfinger entitled “Toxic Mail" !! He discussed 
*hate letters," and other bad mail, but his purpose 
— was to decry the fact that a mailman left at the pri- 
-~ yate residence of two hospital-based physicians a 
packet that was received by a 3 year old child. The 
child promptly opened the box and found two 25 ml 
bottles containing a pretty orange-colored liquid. It 
was Riker's Ulo Syrup. It contained chlophedianol 
hydrochloride. The youngster drank an unknown 
amount and then fed an unknown amount to his two 
1 1/2 year old siblings. Fortunately, the mother, a 
physician, arrived in time to recognize and prevent 
the near tragedy. 

Dr. Ingelfinger states that in this social climate, it 
is somehow unbelievable that a pharmaceutical firm 
would not on its own initiative adopt the routine use 
of child-resistant containers for drugs. It should be 
emphasized that some companies have introduced 
such controls. Ingelfinger continues, “In spite of the 
disadvantages that greater bureaucratic control in- 
curs, government must once again step in to impose 
safety rules when considerate and spontaneous action 
might have solved the problem long ago.” 

Finally, some pharmaceutical houses continue to 
use a Madison Avenue approach in advertising their 
products. 


Role of Physicians 


But physicians should not be too comfortable. I 
certainly do not consider all doctors blameless. 

1. Too many doctors practice polypharmacy. My 
greatest therapeutic triumphs are frequently in pa- 
tients from whom I can remove five or so unneeded 
drugs. We have created a whole collection of disease 
syndromes—iatrogenic diseases. Many doctors do not 
use drugs properly. They do not teach their patients 
how to use drugs. They do not practice the “art of the 
discharge." Many might as well still be writing the 
prescription in Latin. 
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2. It is common knowledge that unlike the British » 
physicians American physicians contribute little in- - 


formation to postmarketing surveillance programs. 
3. Peer review as practiced by some doctors is 
nothing more than chart signing. 


4. Doctors do not always police their own ranks.. 


Any thoughtful physician knows that it is almost im- 
possible to expel an incompetent physician and to 
protect the public from his actions. This is so, not 
solely because of complacency of doctors, but more 
importantly because of the problems of legal entan- 
glement and the so-called rights of the individual. 

5. Lastly, some doctors are still practicing as they 
did in the time of Voltaire. 


Role of the Public 


"Doctors pour drugs of which they know little for 
diseases of which they know less into human beings 
of which they know nothing." 

Now the public is getting into the act. They have a 
right to be concerned about what is to be poured into 
themselves. But would that they had become well in- 
formed before assuming an autocratic role. 

Over a year ago the Ralph Nader-linked health re- 
search group proposed a new FDA rule governing 
clinical testing. The “Blue Sheet" !? of April 17, 1974 
stated that Chairman Ribicoff of the Senate Govern- 
ment Research Subcommittee has proposed rule 
changes that correspond in many respects with those 
of the Nader group. Furthermore, the “Blue Sheet” 
stated that Senator Kennedy, Chairman of the Sen- 
ate Health Subcommittee, has also interested himself 
in the matter of new FDA regulations and has intro- 
duced a “reform” bill. 

The health research group has recommended that 
*all usual animal testing should be completed before 
the drug is given to humans," although an exception 
could be made for phases 1 and 2 in the case of a drug 
showing promise against a fatal ailment for which no 
other adequate therapy is available. 

Nader's group further proposed: 


Human testing under an IND exception could not begin 
without affirmative approval by FDA after the agency 
reviews the results of animal studies and proposed proto- 
cols. FDA would have a reasonable time to conduct the 
review. Under present FDA regulations investigators can 
start human testing 30 days after submitting an IND 
form to FDA unless notified by the agency to the con- 
trary. 


'The Nader Committee continues: 


... under the fatal disease exception, no human testing 
before completion of animal studies could be done with- 
out written consent of the subject. Investigators would 
have to disclose to the subject what animal work had not 
been completed and evaluated and the risk that that en- 
tails. Phase 3 testing could not commence until after an 
FDA determination that animal studies are adequate 
and complete. In addition, sponsors would have to follow 
human subjects and maintain their records for up to 
thirty (30) years if results of animal studies led to termi- 
nation of the trial for safety reasons. 
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The health' research group concluded: “The over- 
whelming concern of the drug industry and FDA pol- 
icy seems to be speeding the drug to market rather 
than minimizing the risk to people in drug experi- 
ments. If the speedup fails, then clinical tests are sus- 
pended, the people exposed to the drug are usually 
forgotten.” This means that human beings are “test- 
ed concurrently with animals and is a callous attitude 
towards the health of human subject.” The full de- 
scription of the recommendations has been published 
in the Federal Registry. 

It appears to be unimportant to Nader and his col- 
leagues that toxicity testing in animals can never 
guarantee drug safety in man. There are species dif- 
ferences that frequently preclude rational decisions. 
Would that Mr. Nader and Mr. Ribicoff and even 
Mr. Kennedy had the ideal animal model to use that 
would ensure that the industry does not in any way 
suggest to rational men a callous attitude toward the 
health of human subjects. 


Role of the Politicians 


Lastly, the politicians are not without blame. Sir 
Derrick Dunlop stated that “Senator Kefauver inau- 
gurated the celebrated Congressional hearings of the 
pharmaceutical industry, either because of his genu- 
ine alarm about its actions or because he first recog- 
nized the political profit to be gained from beating 
anything so prosperous, or both." I have already 
mentioned that Senator Ribicoff has prepared rule 
changes that correspond in many respects with those 
of the Nader group. The recently held Kennedy hear- 
ings are a matter of record and his bill has appeared 
as S. 3441. 


Conclusion 


I want to close my remarks by quoting Dr. Louis 
Lasagna!?: 


Most people would accept the fundamental validity of 
the role of a regulatory agency in modern medicine. The 
public needs a friend in court to act as a buffer between 
the drug industry and the sick patient or the prescribing 
physician. Such scrutiny, properly executed, is vital to 
the protection of public interest. 

But one can criticize the concept that a drug regulato- 
ry agency will perform best if it delays as long as possible 
the introduction of new drugs on the market or removes 


drugs from the market on the basis of unjustified politi- 
cal pressures, whim or caprice. 

For a long time physicians have been fond of quoting 
the Hippocratic Admonition, “Primum non nocere." 
This advice may have made sense centuries ago when 
there were few effective drugs, so that the least one could 
do was to not injure one's patient. But today with the 
drugs available to the modern physician, there is the op- 
portunity for tremendous good as well as for great harm. 
The goal, therefore, is no longer “Primum non nocere" 
but rather how to treat the patient in such a way as to 
maximize the possibility for benefit and minimize the 
chances for harm. No matter what judgments are made 
in regard to the marketing of a compound, ultimately an 
individual doctor will have to select an individual drug or 
combination for an individual patient. In so doing there 
will be opportunity for errors in diagnosis or in choice of 
agents. Judgments will have to be made about relative 
benefits and relative risks. At times these will be made in 
conjunction with the patient or other doctors; at other 
times by the physician alone. It is impossible to regulate 
from a central agency such individual uses of drugs. It is 
unimportant whether such central regulation of individ- 
ual prescribing might be desirable or not, because it is 
quite simply impossible. What society must demand, 
therefore, is the best possible performance from physi- 
cians. This will require not only the acquisition of reli- - 
able data upon which to make the original decision con- 
cerning marketing of drugs, but also the collection of 
valid postmarketing data, the effective communication 
of old and new information about drugs to the practicing 
doctor, and evidence of the doctor’s competence to pre- 
scribe. Such laws and regulations alone cannot advance 
these goals, we had best bestowe ourselves and seek 
other means. | 


As I said at the outset, the development and intro- 
duction of new cardiovascular drugs is a problem of 
grave importance to this country and to the health of 
our people. We must use our greatest efforts to move 
the problem into the challenge arena and then not 
rest until the challenges are met by the necessary 
powers in our society. As I direct more and more at- 
tention to problems at the national level, I get the 
uncomfortable feeling that the level of interest of our 
congressional leadership in the problem of the devel- 
opment and introduction of new drugs varies directly 
with the intensity of the television lights. Certainly 
the history of the Kefauver-Harris Bill suggests that 
regrettable trend. 
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Il. Views of a Pharmaceutical Manufacturer 


FRED A. COE, Jr. 


As an introduction to your conference, your program 
committee has in effect arranged for the views of aca- 
demia, industry and government to aid us in evaluat- 
ing whether or not there are preventable delays be- 
tween the discovery of a drug with potential in the 


— cardiovascular field and its general use in the care of 


cardiovascular patients. Obviously, I am with you 
this morning to speak for industry, although I would 
like to state right now that the views I express repre- 
sent the thinking of an individual—not an industry— 
although I suspect that a goodly number of my asso- 
ciates would agree with my remarks. 

I am aware, too, that the “drug lag" debate, which 
is what we are talking about, has been ongoing for 
many years and that the literature is replete with a 
goodly number of views, interpretations and philoso- 
phies on this most important of issues. Dr. Schmidt 
expressed his—thus the FDA’s—views at an Ameri- 
can Cancer Society Seminar in March of this year, as 
well as at the annual meeting of the Pharmaceutical 
Manufacturers Association in April. Other views 
have, in the past, been presented by Dr. Louis Lasag- 
na, Dr. Barry Bloom and Dr. Max Tishler, to name 
just a few. 

With these divergent views, if we are to determine 
if there are preventable delays between discovery and 
general availability, we must first determine what has 
been happening. And the best point of reference 
seems to be the 1962 amendments to the Food, Drug 
and Cosmetic Act. 

To set the stage, it might be appropriate to remind 
ourselves that the pace of drug development acceler- 
ated notably within our generation. As we all know, 
but have perhaps forgotten, the modern drug indus- 
try was really born around 1936 with the discovery of 
insulin and the sulfonamides. Not that research in 
the pharmaceutical industry started in 1936: Sir 
Henry Wellcome founded the Wellcome Clinical Re- 
search Laboratories in 1894, and Sir Henry Dale, the 
noted physiologist, headed our laboratory as Re- 
search Director in the early 1900's. However, the era 
of chemotherapy began in the mid-1930's and since 
then the rate of drug discovery and the growth of the 
pharmaceutical industry has been most impressive. 


This growth ultimately led to public and congres- 
sional awareness—not, I might add, understanding— 
of drug costs, industry marketing practices, research 
activities and a recognition that powerful and very 
useful drugs offer mixed blessings. I am sure we all 
know the story. This interest, this scrutiny, this con- 
gressional awareness led us to the public forum as the 
site for scientific and political decision-making and 
ultimately produced the Kefauver-Harris amend- 
ments of 1962. Moreover, as we all know, congressio- 
nal interest continues today in the form of two major 
ongoing congressional subcommittee hearings; in 
other words, investigations into the workings of our 
industry. 

Incidentally, it has always been alleged that the 
pre-1962 regulations concerned only safety, not effi- 
cacy. While it is true that the language of the 1962 — 
amendments is more specific on that point, I suggest | 
that such an interpretation is quite unfair to all those 
engaged in drug discovery before 1962. Clearly, since 
no drug is *safe" unless it is efficacious, drug devel- 
opment decisions obviously had to consider the use 
to which a drug would be put and, accordingly, evalu- 
ate the risks involved considering both efficacy and 
safety. I can assure you, that was what was done. 

One thing seems clear, however. To a man, every- 
one agrees that the 1962 amendments thrust the 
Food and Drug Administration into the dominant 
role in the drug development process. Moreover, 
there is agreement that the FDA statutory position, 
while strong enough, is further strengthened by its 
ability and, some say, propensity to issue regulations 
that permit considerable latitude in the interpreta- 
tion of the statutes. 


Research and Development 


With all of this as background, let us take a look at 
what has been happening. First, it will not come as a 
surprise to any of you if I state that the research lab- 
oratories of the pharmaceutical industry is the place 
where the search for better therapeutic agents is con- 
ducted on a scale, and with the sophistication, that 
should bring safer and more effective drugs to pa- 
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tient care. And, we are bringing some—not many, but 
some—to the bedside or the prescription counter. 
Paul deHaen's current data indicate that 19 newly 
synthesized drugs were released in 1973, a significant 
increase over the 11 in 1972. Incidentally, the 1973 
total is the highest since the 25 in 1967 but must also 
be compared with the 24 in 1962 and the 47 in 1961. 

What is happening in industry laboratories? A lot 
of exciting things, performed by a large number of 
very dedicated, imaginative scientists, whose primary 
objective is to find new therapeutic agents useful in 
preventing or treating disease. To provide salaries 
and facilities for these researchers, industry invests 
about 12 percent of the sales dollar in research and 
development. And I say invest, because you can't buy 
productive research on demand since good research 
depends largely on the creative, long-term programs 
of well qualified scientists. Figure 1 shows how this 
investment has grown since 1951. Research and de- 
velopment expenditures for ethical products in- 
creased from 1961's $227 million to 1973's estimated 
$737 million. To broaden our perspective, I have also 
included pre-1962 expenditures. In 1951, the total in- 
dustry expenditure for research and development 
was $50 million. Five years later it doubled to $105 
million; by 1963 it quintupled to $250 million, and in 
1973 it rose to $750 million. It is clear to all that we 
will soon pass the billion dollar figures. I might add 
that not all of this is directed to pure research and 
development but a very much larger share just to sat- 
isfy regulatory demands, some of which border on the 
absurd. 


If I could digress for a moment I would like to 
mention that not only is a very much increased pro- 
portion of our research dollars devoted to the ever in- 
creasing requirements for data to attempt to assure 
"absolute" safety, but a still further proportion must 
be devoted to retesting drugs that have been on the 
market for 10 to 15 years to prove their efficacy by 
today's standards. Clinical experience over those 
years is considered inconsequential by the FDA. This 
philosophy applies whether the drug's effects can be 
measured by completely objective or only subjective 
standards. The standards required to prove a new 
drug safe and effective to market are applied to drugs 
of long standing although an effective new drug ap- 
plication is only a license to go out and determine in 
a large number of people whether the drug is safe and 
effective. This much has already been proved in the 
case of many of the older drugs. 

This approach has wasted valuable resources not 
only of the pharmaceutical companies, but also of the 
FDA. So much of their time and effort is devoted to 
inconsequential reaffirmation of safety and efficacy 
of existing products that they are unable to handle 
new developments properly. For example, literally 
hundreds of man hours have been spent by the FDA, 
its advisory committees and industry people in trying 
to develop a protocol for the evaluation of the long- 
acting nitrites in angina. After more than 8 years of 
debate, and countless man hours, a protocol accept- 
able to the FDA has still not been developed. 

In terms of new drugs, what has this large annual 
investment been producing? Again, it will come as no 
surprise when I say, not very much. Table I lists the 
new! synthesized drugs introduced in the U. S. from 
1940 to 1973. The all time high of 63 in 1959 fell to an 
all t^ low in 1969. 

So. what we see is something well known to all of 
us. We see research and development investments 
reaching all time highs, but the benefits of these ef- 
forts at all time lows, based on our objective of pro- 
viding new and better therapeutic agents to meet our 
health care needs. 


Therapeutic Category of New Drugs 


One other question might be asked. How were the 
"newly synthesized" drugs spread throughout the 
therapeutic categories? Three years ago, Dr. Barry 
Bloom of Pfizer found that in various well estab- 
lished drug categories in which adequately useful 
agents already existed, the number of new products 
developed to the point of FDA marketing approval 
either ceased or declined sharply after the 1962 regu- 
lations. He was specifically referring to antihista- 
mines, antitussive and antispasmodic drugs, muscle 
relaxants, thiazide-type diuretic agents, sulfonamide 


antibacterial agents, antiobesity drugs, corticoste- 


roids and antinauseant drugs. 

He found an entirely different picture in other 
categories. Specifically, psychotherapeutics, antibiot- 
ics and cancer chemotherapeutic agents showed only 
a modest decline in introductions from pre-1962 lev- 
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els. More importantly, Bloom noted at that time that 
not one single-entity bronchodilator had reached the 
American market since 1961, and not one new drug 
for the treatment of hypertension cleared our regula- 
tory authorities in the 5 years after 1966. Since that 
date at least two bronchodilators, metaproterenol 
sulfate (Alupent®) and cromolyn sodium (Intal®), 
and one antihypertensive agent have been released 
along with several other products characterized by 
deHaen as “non-block busters” from a therapeutic or 
a marketing point of view. 

Wardell! recently attempted to compare the pat- 
tern of introduction of new therapeutic drugs in the 
United States from 1962 to 1971, with the introduc- 
tory pattern in Great Britain. He found that nearly 
four times as many new drugs became exclusively 
available in Great Britain as in the United States. 
When examined by therapeutic category, the drug lag 
was found to be most marked in cardiovascular, gas- 
trointestinal, respiratory, diuretic and antibacterial 
drugs. Referring to these fields, Wardell stated, “The 
most substantial differences are apparent in the car- 
diovascular, diuretic, respiratory, and gastrointesti- 
nal field in which nearly all the exclusive drugs are 
available only in Britain, while introductions in the 
United States appear to have come almost to a halt 
despite the continuing introduction of new drugs in 
these categories in Britain." 


Reasons for Decline in Introduction of New Drugs 


These are some of the measurements. They clearly 
show that a decline, a significant decline, exists in the 
introduction of new drugs. What this conference will 
try to determine is the reason or reasons for this de- 
cline. Is it, as some suggest, the result of too much 
*me-tooism" or so-called molecular manipulation in 
earlier years, thus distorting the real breakthrough 
figures? Or is it, as others point out, that the earlier 
“golden age" of pharmaceutical research successfully 
tackled the easier problems and that the remaining 
mountains are difficult to move? Or is it because the 
1962 amendments and the subsequent administra- 
tion and interpretation have resulted in such delays 
that the number of new introductions have of neces- 
sity shrunk? 

I for one do not know the answer. I have talked to a 
few people who have indicated to me that their new 
drug application (NDA) submissions have been han- 
dled in a straightforward manner by the FDA. I have 
talked to many others who complain of delay, pro- 
crastination and general mishandling of their appli- 
cations. In our case, our most recent example speaks 
reasonably well for the system. We received an ap- 
proved NDA for our combination of trimethoprim 
and sulfamethoxazole exactly 1 year from the date of 
submission. Although the FDA is required by law to 
act on an NDA within 6 months, I assure you our 1 
year date is unusually prompt. 

And to receive it we agreed to a very restrictive pri- 
mary indication, and did introduce the compound 
without, in our opinion, some of the tools we needed 
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TABLE | 


Year Number of Introductions 
1940 9 
1941 17 
1942 16 
1943 9 
1944 14 
1945 14 
1946 19 
1947 22 
1948 30 
1949 40 
1950 33 
1951 38 
1952 39 
1953 48 
1954 41 
1955 36 
1956 45 
1957 57 
1958 48 
1959 63 
1960 46 
1961 47 
1962 24 
1963 16 
1964 17 
1965 23 
1966 12 
1967 25 
1968 11 
1969 9 
1970 16 
1971 14 
1972 11 
1973 19 


* 
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New Single-Entity Drug Introductions to U. S. Market, 1940-1973 
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to communicate effectively with the physician. We - 
are now preparing submissions for additional indica- . 


tions which in the perfect world might allow us to 


present an acceptable range of indications for this — 
important antibacterial agent by 1976. For compari- - 


son, this product was released in Great Britain in 
1968 for its full range of indications. This time lag is 
due in part to later filing of IND and NDA's by us. 
However, these filing delays are really another symp- 


tom and reflect, in part, endless agonizing over inter- 


pretations of “well designed clinical trials," differing 
views on the interpretation of laboratory data, the re- 
fusal of the FDA to accept as evidence of safety or ef- 
ficacy clinical work done overseas, and last, but by no 
means least, the application of resources at our dis- 
posal. | 

In the final analysis, I suggest that we are talking 
about the utilization of resources. As Dr. Max Tishler 
pointed out, the cost of taking a substance with po- 
tential as a therapeutic agent from the laboratory to 
the physician's prescription pad in terms of manpow- 
er, facilities, material, animals, patients and clinics is 


so great that, except for the large corporations, it has - 
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possibly frozén initiative. Views that have dominated 
FDA thinking for over a decade have often prevailed 
over medical or scientific judgments to the detriment 
of appropriate progress. Fortunately, under the lead- 
ership of Dr. Edwards and Dr. Schmidt, a positive 
-view now exists at the policy level of the FDA toward 
the clearance of significant products supported by 
well designed clinical trials and good manufacturing 
. and laboratory data. The system has been substan- 
tially improved by Dr. Edwards' reorganization of the 
FDA and its procedures. Dr. Crout, Director, Bureau 
of Drugs, has made giant strides in attempting to de- 
fine the scientific and medical data needed for proper 
decision-making in the agency, and in establishing 
procedures to insure that these decisions are made. 


The Future 


Thus, as you can see, I believe we are cutting into 
the lag. We have made progress, but, I also believe 
that we have a long way to go. More importantly, we 
have made progress only because medical leaders and 
decision makers finally became involved and mani- 
fested that involvement through conferences and fo- 
rums such as this. In this respect I think it is rather 
fitting that during this conference we recall some of 
the language used by the Dripps Committee as the 
committee argued that FDA regulations, in their at- 
tempt to protect the public, had become so restrictive 
that it was becoming impossible to introduce new 
drugs into the United States: “The procedures by 
which new drugs are evaluated and approved for use 
in this country are causing us to fall behind in this 


important area of medical science." Again: “We be- 
lieve a change in the drug regulatory system is badly 
needed. The system too often stifles creativity and 
escalates the cost of research; perpetuates a continu- 
ing decline in the number of new drugs entering the 
market in this country; and may be depriving the 
practicing physician of agents beneficial to patient 
care." We all know that Dr. Robert F. Dripps died 
suddenly last October 30 at the age of 62. We are the 
poorer for his passing. But in mourning him we 
should also acknowledge the tremendous debt we owe 
to Bob Dripps and his committee, for theirs was the 
first organized effort by medical science to focus at- 
tention on the drug lag and attempt to measure its 
cost to society. 

If, after today's discussions we continue to agree 
that drug development is still being retarded by what 
Max Tishler referred to as “false consumerism, op- 
portunistic politics and regulatory bureaucracy," I 
hope that the participants in this conference will con- 
tinue to suggest ways to help us all deal with the 
problem. American science has been blessed by the 
enormous innovative talents of the men and women 
working in her laboratories and clinics. If we find a 
way to permit these talents to be more appropriately 
utilized, I am confident that we will have then found 
a way to drop the term “drug lag" from our vocabu- 
lary and that the public interest will have been truly 
served. 


Reference 


1. Wardell WM: Therapeutic implications of the drug lag. Clin Phar- 
macol Ther 15:73-96, 1973 | 


468 October 1, 1974 The American Journal of CARDIOLOGY Volume 34 


Ill. Views of the Food and Drug Administration 


J. RICHARD CROUT, MD 


Because Food and Drug Administration policies and 
procedures are important to the process of new drug 
development, I thought you might be interested in a 
review of some of the major changes that have been 
going on in the Agency during the past 4 years. The 
FDA has clearly been an institution in transition 
since 1970. 


Major Recent Changes in the FDA 


First, there is a new open atmosphere in the Food 
and Drug Administration: and, indeed, in regulatory 
agencies in general. This is a result of many factors in 
our society, including the consumer movement, the 
desire of people to know more about their govern- 
ment in general, and specific legislation like the Fed- 
eral Advisory Committee Act of 1972. So the Agency 
is clearly less of a black box than it used to be. 

Second, there has been a very great change in our 
philosophy regarding regulations. There was a time 
when the Food and Drug Administration took pri- 
marily a case law approach to its regulatory activities. 
This is changing, due in large part to Peter Hutt, our 
General Counsel. Mr. Hutt has been a strong propo- 
nent of the philosophy that one must spell out appro- 
priate standards in regulations and then live by 
them. The establishing of clear standards is really the 
only way to get both the regulated industry and the 
Food and Drug Administration to operate on the 
same wavelength. 

So we now write regulations which are quite specif- 
ic and are accompanied by detailed preambles that 
are well known in Washington circles as "Peter's 
preambles.” They are clear and articulate, and I be- 
lieve even nonlawyers now find our regulations inter- 
esting and occasionally even fun to read. As an exam- 
ple of an important new regulation, I cite our pro- 
posed guidelines on how to write a package insert, 
which spell out the evidence required for certain 
statements in the package insert so that these docu- 
ments will improve in consistency, uniformity and 
accuracy. 

Another regulation I recommend is our proposed 
new radiopharmaceuticals document. This is really a 
joy to read and contains several regulatory innova- 


tions, including delegation of certain responsibilities 
to peer review committees and presentation of the 
conditions under which the use of certain drugs in re- 
search may be generally recognized as safe. It gives 
an indication of the innovativeness of the Agency in 
dealing with modern problems. 

Third, a major gain since 1970 has been stable 
management. No regulatory agency, and indeed no 
institution, can survive without stable leadership 
over a period of time. I think that the Agency is get- 
ting this now. The entire FDA was reorganized in 
1970, and there have been some subreorganizations 
since. We now have an effective project management 
system; a large effort has gone into getting hold of the 
drug review process from the technical standpoint; 
and a number of procedures have been adopted to in- 
sure that decisions are institutional rather than per- 
sonal. I think all of this has brought a healthier, live- 
lier atmosphere for decision-making and greater con- 
fidence in the quality of decisions. 

Fourth, a major activity since 1970 has been the 
building of our scientific advisory committee system. 
'The FDA is now the most open drug regulatory agen- 
cy in the world from the standpoint of working with 
outside advisers. In the Bureau of Drugs there are 17 
advisory committees associated with the drug review 
process and 19 panels associated with the review of 
over-the-counter drugs. Other bureaus also have ad- 
visory committees, for a total of 66 within the Agen- 
cy. Because of the diversity of problems that come to 
the Agency, staffing these committees requires a high 
degree of professionalism that is not achieved over- 
night. Our advisory committee system is still evolv- 
ing, but we are confident that the system has the 
broad support of investigators, physicians, the indus- 
try and consumer groups. It is current policy that all 
important new drug applications be reviewed by an 
appropriate scientific advisory committee. 

Fifth, an important change is our own evolving of 
our role. We are increasingly viewing ourselves, par- 
ticularly in regard to the new drug review process, in 
a quasijudicial role. Our objective is to set standards, 
to determine whether studies meet those standards, 
and then to make a judgment. But, before making 


October 1, 1974 The American Journal of CARDIOLOGY Volume 34 469 


Lai 


VIEWS OF THE FDA—CROUT 


that judgment, one must listen to one's peers, to what 
industry, an advisory committee and Agency man- 
agement have to say. The day of one-man judgment, 
if this ever existed, is no more. Today institutional 
life inside the Agency is heavily oriented toward sci- 
- entific communication with each other and to testing 
of ideas. All new drug approvals or turndowns have 
= an institutional review and then have my personal 
signoff. 


The “Drug Lag" 


Let me comment about the “drug lag," since this 
has been of great interest to cardiologists and indeed 
is the reason for the Bethesda Conference. The term 
has come to be used to describe differences in the 
dates of marketing of a drug between one country 
and another. No one can reasonably contest that 
these marketing differences exist. A number of drugs 
available in foreign countries are not available in the 
United States. Of particular interest to cardiologists 
is that there were no approvals of new molecular en- 
tities in the United States between 1968 and 1973 for 
any cardiovascular, renal or pulmonary drug. 

Because of the importance of this problem, I 
looked into it with care when I joined the FDA in 
1971 and reached the conclusion that significant 
problems did exist in the decision-making process in 
regard to new drug applications. That is one of the 
reasons some of the changes I mentioned were under- 
taken. It is partly why an advisory committee system 
was built, why certain reorganizations occurred, why 


. new procedures were developed and why we have re- 


evaluated our own roles in the decision-making pro- 
cess. | emphasize that the changes were made to im- 
prove the whole process, not to force decisions on 
specific drugs. 

I think it is now clear that differences between the 

cardiovascular field and other specialty areas are cor- 
rected. In 1973 nineteen new molecular entities were 
approved by the FDA, the highest number since 
_ 1967, and we anticipate a similar high figure in the 
. current year. As far as the cardiovascular and respi- 
. ratory fields are concerned, the following new entities 
. have been approved since 1973: diazoxide (Hyper- 
stat$), cromolyn (Intal$, Aarane®), metaproterenol 
- (Alupent$), dopamine (Intropin9), terbutaline (Bri- 
- canyl®), and metolazone (Zaroxylin®). Approvals are 
imminent for sodium nitroprusside (Nipride®) and 
clonidine (Catapres®). I assure you that absolutely 
none of these approvals have been made at the ex- 
pense of any change in our standards for safety and 
efficacy, nor has there been any deviation from cur- 
rent established procedures. 

As far as the “drug lag" is concerned, I think there 
are four things we can agree on, but thereafter con- 
troversy begins. First, there are differences among 
countries in the time at which new drugs are mar- 
keted. Second, I think it is clear that new drug ap- 
provals take longer in countries with strong effective- 
ness requirements in their laws. Any comparison be- 
tween the United States and the United Kingdom 
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must consider the clear difference in legal standards 
between those countries before 1972; the United 
Kingdom did not have an efficacy requirement before 
that. Third, certain drugs have become causes cél- 
èbres with regard to approval, particularly in the 
United States and in the cardiovascular field. We be- 
lieve that most cf these problems are being solved, 
but we live in a controversial world and there may be 
no way to avoid a cause célèbre now and then. 
Fourth, no consensus exists as to whether the drug 
lag involves any sericus health issue. 


Challenges of This Conference 


I suspect that if one wants to know more about the 
drug lag, he must approach the problem on a drug by 
drug, country by country, firm by firm basis. Here 
data are difficult to obtain, and sweeping generaliza- 
tions are impossible. This was a problem that faced 
the organizing committee for this conference. The 
committee believed that the most constructive ap- 
proach was to focus on a somewhat different kind of 
drug lag—not the one that popularly compares the 
United States with the United Kingdom, but the lag 
that is an inherent feature of the drug development 
process. So, the organizing committee broke down 
the problem into the logical steps that take place 
when a new drug is developed. These steps include 
the discovery of new molecules by pharmaceutical 
chemists, the testing of those in animals, early testing 
in man, later testing in patients, and finally the ap- 
proval process by a regulatory agency. The commit- 
tee then formed groups in each of these areas and in- 
cluded in each group representatives from academia, 
industry and FDA. Each group is being asked to 
identify the problems at each step that cause delays 
and to propose potential solutions. 

What can we dc to improve the process at each 
stage of new drug development? This is an exciting 
challenge. To my knowledge no conference has con- 
sidered the problem in precisely this way, with rep- 
resentatives from industry, medicine, toxicology, law 
and regulatory agencies. Let me assure you that the 
recommendations that come out of this conference 
will fall upon a receptive Food and Drug Administra- 
tion. We ate as anxious as anyone to see that safe and 
effective new drugs become available as rapidly as 
possible. We are also fully conscious of health issues, 
of benefit-risk considerations, and of the need for 
new therapies for important diseases. 

I have confidence that the recommendations of 
this conference wil! also fall upon a receptive indus- 
try and a responsive community of investigators in 
cardiovascular medicine. We all recognize that physi- 
cians and scientists, whether they be in industry, aca- 
demia or private practice, ultimately carry the heavy 
responsibility for demonstrating the safety and effec- 
tiveness of new drugs. My challenge to this confer- | 
ence is to do a good job of what we are about, because 
we have a unique opportunity to identify new ways to 
solve important problems at a timely moment in our 
history. 
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Drug Therapy of Hypertension: What We Have, 


“What We Need, What We Expect 


FRANZ GROSS, MD 


Since 1949, decisive progress has been made in the 
treatment of hypertension. Whereas until the late 
1940's, only sedatives, vasodilators and inefficacious 
drugs were given to patients suffering from high 
blood pressure, the situation changed drastically 
when ganglionic blocking agents became available. 
Subsequently, in 1951, hydralazine and dihydralazine 
were marketed; in 1953 reserpine; in 1958-59 the 
thiazide saluretic drugs; in 1960 guanethidine; in 
1962 alpha methyldopa, and in 1966-67 clonidine; 
since 1970, the beta adrenergic blocking agents have 
been increasingly used in the treatment of hyperten- 
sion. The forthcoming development will probably be 
focused on vasodilators, especially minoxidil, which 
in various respects supersedes hydralazine. In the 
United States, neither clonidine nor beta adrenergic 
blockers nor vasodilators other than hydralazine are 
accepted as antihypertensive agents. Undoubtedly 
the progress we experienced from about 1950 to 1965 
has now leveled off, and it may take a rather long 
time until drugs can be expected that have a mode of 
action different from that of the preparations we 
have in hand. 


What Do We Have? 


According to their mechanism of action, the avail- 
able antihypertensive agents may be classified in 
three categories: 

1. Drugs acting on the efferent sympathetic ner- 
vous system. 

2. Drugs acting directly on arteriolar smooth mus- 
cle. 

3. Drugs affecting the salt-water balance and, sec- 
ondarily, total peripheral resistance. 

1. Drugs acting on the efferent sympathetic 
nervous system: These drugs may be classified as 
those acting only peripherally, those acting mainly 
centrally and those acting both in the periphery and 
in the central nervous system. Drugs acting exclu- 
sively in the periphery are the ganglionic blocking 
agents guanethidine and bethanidine, which do not 
pass the blood-brain barrier. Acting mainly centrally 
are drugs such as alpha methyldopa and clonidine; 


the monamine oxidase inhibitor pargyline may also 
be mentioned, although it plays only a secondary role 
in the treatment of hypertension today. The drugs 
that act both in the periphery and in the central ner- 
vous system are, of course, reserpine and probably 
the beta adrenergic blocking drugs, although the cen- 
tral action of the latter has not been definitely estab- 
lished. 

The peripherally acting drugs have a great ten- . 
dency to induce severe orthostatic reactions and, in - 
addition, have several other unpleasant side effects. 
Ganglionic blocking drugs are only rarely used today 
since, with the appearance of guanethidine, drugs 
have become available that act exclusively on the pe- 
ripheral sympathetic nervous system. The drawbacks 
of guanethidine are that it is poorly and irregularly 
absorbed and, besides causing severe orthostatic 
reactions, may induce severe diarrhea and inhibit 
ejaculation. Bethanidine is better tolerated and bet- 
ter absorbed but has not been accepted in the way 
one would have expected. In addition, it has been in- 
troduced in only a few countries. 

The mechanism of action of the centrally acting 
drugs, which pass the blood-brain barrier, has been 
elucidated only recently. It seems that most of them 
act as sympathomimetic agents on central adrenergic 
receptors, the stimulation of which induces a reduc- 
tion in blood pressure. Such an effect can be demon- 
strated when noradrenaline is infused into the cere- . 
bral ventricles, and the same is the case for alpha 
methylnoradrenaline, which in the central nervous 
system is formed from alpha methyldopa by way of 
alpha methyldopamine.! 

The older concept that alpha methylnoradrenaline 
acts as a false transmitter in the central nervous sys- 
tem is therefore correct, but in the periphery it seems 
to be an effective replacement for noradrenaline as 
an adrenergic transmitter. That alpha methylnora- 
drenaline stimulates central adrenergic receptors 
could be demonstrated by administering alpha ad- 
renergic blocking agents, such as phentolamine or yo- 
himbine, both of which diminish the reduction in 
blood pressure induced by cerebral intraventricular 
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administration of either alpha methylnoradrenaline 
or noradrenaline.? 

Clonidine is a sympathomimetic agent that was 
initially studied in man as a nasal vasoconstrictor. It, 
too, probably acts on central adrenergic receptors, in 


.a manner similar to alpha methylnoradrenaline.? In 


addition, it exerts a peripheral sympathomimetic ac- 
tivity by reducing blood flow in the skin. 

Monaminoxidase inhibitors may act centrally by 
increasing the concentration of noradrenaline, which 
subsequently affects alpha adrenergic receptors. 

All of these compounds have similar side effects; 
they diminish mental alertness, induce drowsiness 
and a decrease in physical capacity, and reduce libido 
in man. In addition, tolerance to alpha methyldopa 
may develop, and the doses may have to be increased 
during the first weeks of treatment. All compounds 
that interfere with the efferent sympathetic nervous 
system prevent reflex tachycardia subsequent to the 
reduction in blood pressure, but bradycardia is espe- 
cially pronounced with clonidine, a fact previously 
known from the administration of sympathetic 
amines used as nasal vasoconstrictors, such as napha- 
zoline (Privine®) or xylometazoline (Otrivin®). 

Reserpine acts peripherally and centrally; it de- 
pletes central and peripheral stores of noradrenaline 
and serotonin, especially by inhibiting the reuptake 
mechanism of noradrenaline into the adrenergic 
nerve terminals. It has a mild antihypertensive effect 
and reduces sympathetic tone in general, but it is not 
a strong sympathetic inhibitor, such as guanethidine 
or bethanidine. Its side effects are well known: stuffy 
nose, fatigue, drowsiness, tendency to develop de- 
pressive reactions, diminished activity and decrease 
in libido. 

The most important recent advance in the treat- 
ment of hypertension is the use of beta adrenergic 
blocking agents. Outside the United States, about 12 
of these agents are available today, of which the best 
studied compound is propranolol. Beta adrenergic 
blocking drugs act as antihypertensive agents by 
their direct effect on high blood pressure and by their 
prevention of tachycardia induced by vasodilators. 

As competitive antagonists to adrenaline, the main 
endogenous beta stimulator, the beta adrenergic 
blocking drugs have a peripheral mechanism of ac- 
tion. In addition, they reduce the release of renin 
from the kidney and, in this way, diminish the forma- 
tion of angiotensin. Recently, their antihypertensive 
effect has been ascribed to their inhibition of renin 
release, and it has been claimed that they would be 
active only in cases of hvpertension with elevated or 
normal plasma renin activity, but not in patients 
with low plasma renin concentration.4 This hypothe- 
sis has not been confirmed by other investigators? 
who observed that the drugs also reduce blood pres- 
sure when plasma renin activity is low. However, it 
may be that the doses of propranolol that decrease 
blood pressure in patients with low plasma renin lev- 
els are larger than in patients with high plasma renin 
activity.°’ The data available do not justify limiting 
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the use of beta adrenergic blocking drugs in the treat- 
ment of hypertension to patients with high or normal 
plasma renin activity. In addition to having a periph- 
eral mechanism of action, these drugs may also act 
centrally,-and it was recently demonstrated that in- 
traventricular (cerebral) administration of propran- 
olol induced an initial increase in blood pressure, 
which was followed by a prolonged decrease.® 

Beta adrenergic blocking agents are useful not only 
in treating malignant hypertension, in which the 
renin-angiotensin system is markedly activated, but 
also in treating hyperkinetic hypertension, in which 
they may be given together with alpha adrenergic 
blockers, such as phentolamine. Propranolol may not 
be the most suitable beta blocking agent for the 
treatment of hypertension, since it has a wide dosage 
range, and doses of 320 up to 1,000 mg daily have to 
be given in various patients. Pindolol or timolol may 
be more suitable, since their dosage range seems to be 
narrower, and an average dose of 30 mg may be ade- 
quate. In general, the beta blocking agents are well 
tolerated, except by asthmatic patients and patients 
with impending heart failure. Side effects may be 
cardiodepression, especially with propranolol, 
dreams and nightmares with pindolol; suppressive 
moods (but less marked than with reserpine) and 
cold hands and feet, a sensation probably caused by 
the reduced muscle blood flow that occurs after inhi- 
bition of beta adrenergic receptors in the muscle vas- 
cular bed. 

2. Drugs acting directly on the arteriolar 
smooth muscle: Of this group of drugs, hydralazine 
and dihydralazine have been used for nearly 25 years, 
and it is surprising that efforts to replace them have 
been made only recently. They have the disadvantage 
of producing reflex tachycardia and also have a direct 
stimulatory effect on the heart. Acute side reactions 
are headache, nausea, vomiting, tachycardia and an- 
gina, and—after prolonged treatment—rheumatoid 
arthritis and a syndrome similar to lupus erythema- 
tosus. During the past 15 years, hydralazine has been 
especially used in combination with reserpine or salu- 
retic agents, or both. Other vasodilators are diazox- 
ide, which has been accepted for short-term treat- 
ment of hypertensive crises, since its diabetogenic ef- 
fect prevents prolonged use. The most active vasodi- 
lator for the treatment of hypertensive crises is sodi- 
um nitroprusside, which has to be given by continu- 
ous infusion and is not yet available commercially. 
Despite its marked hypotensive effect it causes less 
tachycardia than other vasodilators. Guancydine, an- 
other drug that acts directly on smooth vascular mus- 
cle and has been widely studied by clinical investiga- 
tors, induces psychic disturbances. The position of 
prazosine, another similarly acting drug, has not yet 
been established. 

Minoxidil is the most promising new vasodilator. 
It is active in smaller doses then hydralazine, has a 
prolonged duration of action and is definitely more 
potent and better tolerated than hydralazine.!9-12 - 
However, because of the tachycardia it induces, it has 
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to be given together with a beta adrenergic blocking 
agent and, since sodium and water retention may 
occur, it also has to be combined with a diuretic 
agent. In addition to fluid retention and tachycardia, 
other side effects are nausea and hypertrichosis, 
which also develops after administration of other va- 
sodilators. It may be expected that vasodilators will 
soon find wider application in the treatment of hy- 
pertension, since their tachycardic effect may be pre- 
vented by beta adrenergic blocking agents, and a syn- 
ergistic effect of diuretic drugs is also demonstrable. 

3. Drugs affecting salt-water balance and pe- 
ripheral resistance: Saluretic agents not only act on 
sodium and water balance, but also reduce total pe- 
ripheral resistance.!? In addition, they may have a di- 
rect action on the arteriolar smooth muscle. An im- 
portant step forward is the development of potas- 
sium-sparing diuretic drugs, which, together with 
saluretic drugs, may be active in the elimination of 
salt but prevent the simultaneous loss of potassium. 
The combinations of hydrochlorothiazide and triam- 
terene or, recently, of hydrochlorothiazide and amilo- 
ride, are promising and are to be preferred to supple- 
ments of potassium chloride which, if given together 
with diuretic agents, may be rapidly eliminated. Spi- 
ronolactone in combination with saluretic drugs 
belongs to the same category, but has the disadvan- 
tage of producing gynecomastia. The most suitable 
saluretic agent for treatment of hypertension is the 
long-acting drug chlorthalidone; furosemide, al- 
though it is an excellent diuretic agent, is not suitable 
as an antihypertensive drug because of the rapid 
onset and short duration of its action. 


What Do We Need? 


The ideal antihypertensive drug should do the fol- 
lowing: 

1. Induce a decrease in blood pressure that is of 
slow onset, not too pronounced, and similar in supine 
and standing positions. 

2. Have a duration of action of 12 to 24 hours. 

3. Be active when taken by mouth. 

4. Produce no negative inotropic effect on the 
heart, no tachycardia. 

5. Cause no tolerance. 

6. Cause no or only mild adverse reactions or side 
effects, no reduction of physical capacity or mental 
alertness. 

7. Be suitable for long-term treatment. 

The main goal for future antihypertensive therapy 
should be to have more specifically acting and better 
tolerated drugs that also have a long duration of ac- 
tion. 

Most of the requirements for antihypertensive 
agents are met by the drugs available today or by 
combinations of them. However, we are far from hav- 
ing an ideal drug since all those at hand have major 
disadvantages with respect to the side effects or ad- 
verse reactions they produce. In addition, with a few 
exceptions, such as hypertension caused by pheo- 
chromocytoma or primary aldosteronism, only symp- 
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tomatic treatment is possible so far. Only recently, 
discriminating treatment according to pathogenesis 
has been started; for example, patients with sup- 
pressed renin response were found to benefit most 
from the administration of diuretic agents, not neces- 
sarily aldosterone antagonists, such as spironolac- 
tone, but also other saluretic drugs or combinations, 
such as triamterene or amiloride plus hydrochlo- 
rothiazide. 

We need, above all, long-acting beta adrenergic 
blocking agents that can be given only once daily, 
have no cardiodepressive effect and do not induce 
bronchoconstriction; furthermore, centrally acting 
drugs that do not induce drowsiness and fatigue, and 
do not affect alertness or sexual performance in man, 
are required. Vasodilator drugs that do not induce 
tachycardia, or at least produce less tachycardia than 
hydralazine or minoxidil, do not elicit headache or 
edema formation, and have a long duration of action 
have a place in antihypertensive therapy as well. 

There is much talk about the possible use of pros- 
taglandins in the treatment of hypertension. Some of 
these agents may be of interest as vasodilators, but it . 
is very doubtful that they will find a place as antihy- 
pertensive drugs. 

It will be necessary to elaborate simple dosage 
schedules, especially when various drugs must be 
given together, and their actions are synergistic or 
additive. The schedule for the antihypertensive 
treatment must be simple enough to guarantee good 
compliance of the patient and should have no nega- 
tive effect on the patient's professional or private life. 
It has recently been suggested that something com- 
parable to vitamin B1» therapy, which has to be given 
only once a month or at even longer intervals, might 
also be suitable for the treatment of hypertension, 
but we are far away from such a goal. 

At this point, I should like to digress and discuss 
the problem of which kinds of hypertension should 
be treated. What is the limit of blood pressure eleva- 
tion, and is it systolic or diastolic pressure that needs 
to be lowered? What is the desired pressure level (1) 
ideally, and (2) realistically? Systolic pressure may 
be a stronger determinant for risk of coronary heart 
disease than mean pressure or diastolic pressure, 
which is today considered the critical factor with re- 
gard to starting systematic drug treatment.!* The de- 
velopment of new drugs depends to a major degree 
upon medical progress and better insight into the 
consequences that satisfactory antihypertensive drug 
treatment will have for the prognosis of the disease. 
One can state that industry will respond to the re- 
quirements of the medical profession, and the more 
that is known about the pathogenesis of hypertension 
and the better the medical profession familiarizes it- 
self with the treatment of hypertension, the more 
likely it is that better drugs will be developed. 


What May We Expect? 


We may undoubtedly expect more beta adrenergic 
blocking drugs and also more vasodilators. It is to be 
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Figure 1. Various possibilities of interference with the renin-angiotensin system. 





TABLE | 
Products Prescribed (%) in General Practice for the Treatment of Hypertension 
United 
Kingdom Belgium Germany Italy Spain Japan Canada Argentina 
Rauwolfia products 6 13 3 5 8 32 5 16 
Rauwolfia combinations 6 30 79 56 Te ME 27 20 46 
Other antihypertensive agents 50 39 6 17 5 13 22 25 
(guanethidine, methyldopa) 
Plain diuretic drugs 29 31 2 11 5 27 41 23 
Cardiac glycosides 3 1 17 10 2 1 1 





TABLE II 
Prescription of Antihypertensive Agents in General Practice 





U. S. International 
1971 1973 1971 1973 





Prescriptions (millions) 54.0 63.4 146.9 173.4 
Diuretics 35% 39% 20% 20% 
Rauwolfia plain 13% 9% 1795 18% 
Rauwolfia combinations 33% 28% 35% 32% 
Special antihypertensive agents 19% 24% 1695 18% 
Beta adrenergic blocking agents eee <1% «196 
Vasodilators "e Fama 12% 12% 


——————MM——— — 


hoped that these future drugs will have at least some 
advantages over those that are already in hand. Anti- 
hypertensive therapy will be orientated more strong- 
ly toward combinations of beta adrenergic blocking 
drugs and vasodilators with diuretic agents. Synergis- 
tic effects of these combinations have already been 
established. In addition, beta adrenergic blocking 
agents and diuretic drugs that do not induce potassi- 
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um loss, such as moduretic, may be more widely used 
in the future, and the combined use of various drugs 
that differ in their mechanism of action will domi- 
nate the treatment of hypertension in forthcoming 
years. 

Much attention is paid today to substances that in- 
terfere with the renin-angiotensin system (Fig. 1). 
We have angiotensin II antagonists, converting en- 
zyme inhibitors, and may expect perhaps also inhibi- 
tors of the reaction of renin with its substrate. How- 
ever, all of these compounds, although they act in pa- 
tients with an increased activity of the renin-angio- 
tensin system or high levels of plasma angiotensin II, 
will remain limited to diagnosis and perhaps emer- 
gency therapeutics. It is hardly to be expected that 
these polypeptides will form a major part of antihy- 
pertensive therapy in the future. | 

Prostaglandins may be claimed to be useful as an- 
tihypertensive agents, but they may be inferior to 
other vasodilators. Against the role of prostaglandins 
in the regulation of blood pressure stands the obser- 
vation that inhibitors of their synthesis, such as aspi- 
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rin or indomethacin, do not induce variations in 
blood pressure. 

For the time being, no breakthrough in the treat- 
ment of hypertension can be expected, and we shall 
have to live with the drugs we have in hand or similar 
compounds that are either chemically or pharmaco- 
logically related to those already available. For the 
next 10 years, or even longer, no fundamentally new 
drug treatment can be anticipated. 

Establishing a more uniform method of blood 
pressure control: Finally, I make a plea for a more 
efficient and more systematic use of the drugs at our 
disposal to obtain a satisfactory control of blood 
pressure. Epidemiologic studies in various countries 
demonstrate that only between 10 and 15 percent of 
the patients suffering from hypertension benefit 
from the available drugs and have their blood pres- 
sure well controlled. In various countries, antihyper- 
tensive treatment differs, and for this difference both 
medical education and the activities of the drug com- 
panies are responsible. Table I compares the use of 
antihypertensive drugs in various countries, and 
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Table II the changes in antihypertensive treatment 
from 1971 to 1973 in the United States and some in- 
ternational markets. It would be very useful to study 
more intensely the reasons for the widely different 
treatment in various countries and to find out what 
can be done to establish a more uniform way of con- : 
trolling blood pressure. Furthermore, it is necessary 
to inform both doctors and the public of the dangers 
of high blood pressure and the best way to keep blood 
pressure under control. It should become generally 
known that high blood pressure is the most common 
cardiovascular disease and the most common risk 
factor for stroke, myocardial infarction and renal fail- 
ure. On the other hand, high blood pressure can be 
more effectively treated than most chronic diseases. 
'The incidence of cerebrovascular damage can be defi- 
nitely reduced, whereas the frequency of myocardial 
infarction seems to be independent of successful con- 
trol of high blood pressure,!? but further work is nec- 
essary to find out why different vascular beds re- 
spond differently to successful blood pressure treat- 
ment. 
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Identification of Promising New Cardiovascular Drugs— 
Pharmaceutical Chemistry Research and Development 


PETTINGER (Chairman) GOVIER MASON 
ZINS (Co-chairman) KNOEBEL TRAPOLD 
COHN, J. KUMKUMIAN TUTTLE 


This topic was considered in the context of the prob- 
lems impeding the early stages of new drug develop- 
ment and ways the process can be facilitated. The 
subdivisions listed below are considered in some de- 
tail: 
1. Animal models and methods for evaluation of 
drug effects. 
2. Balance of scientific personnel. 
3. Use of academic laboratories by the pharmaceu- 
tical industry for special projects. 
4. Patents. 
5. Availability of animals for research. 


1. Animal Models and Methods for Evaluation of Drug 
Effects 


Among the limiting factors concerning new drug 
development, this subject permeated ‘nearly every 
topic discussed. It is obviously the overriding factor, 
not only before this group, but before the whole re- 
search program of the National Heart and Lung In- 
stitute, as indicated by the extensive efforts to identi- 
fy goals in the publication “National Heart, Lung 
and Blood Program," Vol. IV, April 6, 1973, of the U. 
S. Department of Health, Education and Welfare. 
However, the goals of this task force have an orienta- 
tion slightly different from those of the HEW publi- 
cation cited. That is, the animal models specifically 
needed are for screening of drugs and a rational step- 
wise progression through animal models to man. Ex- 
isting animal models tend to be useful for translating 
pharmacologic activities to man. Models are needed 
that better predict efficacy in man. One example is 
that of coronary artery disease in man, for which ani- 
mal models are inadequate. 

In the area of hypertension and antihypertensive 
drugs, there are extensive correlations among species. 
However, the data from animals are not widely 
known. Analogous problems occur in other major car- 
diovascular areas. 

Recommendations: Because of the complexities 
of these areas and the relevance to cardiovascular 
drug development, we recommend closed workshops 
in each of these areas: 

1. Cardiac dysfunction. 

2. Arrhythmias. 

3. Atherogenesis. 

4. Hypertension. 

5. Others, including coagulation disorders. 

The results of these workshops should be published. 


A consensus concerning the value of primary car- 
diovascular screening in new drug development was 
not obtained. A majority believed that the likelihood 
of developing new dimensions in cardiovascular ther- 
apy from random screening of all new compounds is 
low. 


2. Balance of Scientific Personnel 


The availability of large numbers of compounds of 
diverse chemical structure is no longer the principal 
factor limiting drug discovery and development. In- 
stead, progress is restricted by the limited number of 
professional personnel in drug evaluation and devel- 
opment. These personnel are (1) animal pharmacolo- 
gists, and (2) clinical pharmacologists. The major 
source of pharmacologists for the industry is medical 
school graduate training programs. HEW, which has 
been the major source of training support for those 
scientists, is now considering withdrawing support of 
training at the predoctoral level. Thus, rapid deple- 
tion of this resource is anticipated if these plans are 
carried out. College graduates without graduate 
training are not an adequate replacement source. 

Recommendations: 1. These concerns should be 
communicated to the appropriate congressional com- 
mittees, forcefully describing the need for expanded 
training of pharmacologists for the PhD degree (par- 
ticularly in the cardiovascular area) and the conse- 


` quences of withdrawing support at this time. 


2. Industrial management should be encouraged to 
supplement selectively their research staffs in the 
disciplines mentioned. 

3. Industry should support public relations pro- 
grams for broad recognition of the intellectual chal- 
lenge of drug discovery and development. 

4. Industry should support predoctoral training, 
particularly in the cardiovascular area. 


3. Use of Academic Pharmacology and Other 
Laboratories by the Pharmaceutical Industry for Special 
Projects 


Most industries currently fund academic research 
projects that may, or may not, be related to product 
development. However, unexplored opportunities for 
utilization of unique methodologies exist in universi- 
ties. Advantages to the industry of using these re- 
sources may be the brief tool-up time and elimination 
of continued commitment by the industry to person- 
nel when the projects are completed. 

. TON 
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4. Patents 


American patent laws have been alleged to protect 
excessively inventors and their assignees. However, it 
is the consensus of this group that new drug develop- 
ment will best be served by maintaining the patent 
concept, and therefore we oppose legislation that 
might interfere with incentive for discovery. It is not 
believed that there is particular merit to an obligato- 
ry system of rewarding inventors as provided for in 
the Moss bill (HR 2370). Past experiences of drug 
firms that have tried such systems, together with 
reactions of scientists presently in the drug industry, 


suggest that a destructive form of interscientist com- 


petition may ultimately limit, rather than enhance, 
creativity and effectiveness if such legislation is 
passed. 


5. Availability of Animals for Research 


A shortage of healthy animals, especially dogs and 
cats, has become a major obstacle to drug research in 
many parts of the United States. This problem stems 
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Toxicology 

GAFFNEY (Chairman) BRODY JICK 
PECK (Co-chairman) CARLSON JOLLOW 
AGERSBORG D'AGUANNO KIPLINGER 
ATKINSON HARRISON PLAA 


Problem 1: Adequacy of Present FDA Guidelines for the 
Evaluation of the Safety of New Drugs, Particularly New 
Cardiovascular Drugs 


Opinion and recommendation: In general, these 
guidelines have not slowed the development and in- 
troduction of new cardiovascular drugs. The general 
approach described, although reasonable for cardio- 
vascular drugs in the context of present knowledge, 
does not focus sufficiently on the need for observa- 
tions such as potential adverse effects on myocardial 
contractility, autonomic innervation, the His-Purk- 
inje system and vascular smooth muscle. 


Problem 2: Utility of Animal Models 


Opinion and recommendation: There are avail- 
able several animal models of disease or drug-in- 
duced toxicity that resemble clinical disease or ad- 
verse drug effects, and these should be used to help 
establish the safety of drugs before their use in man. 
There is considerable need for a systematic search for 
short-term animal models that may be used to pre- 


dict toxicologic effects of drugs, such as hepatotoxi- 


city or cholestatic reactions, hemolysis, agranulocy- 
tosis, carcinogenicity, mutagenicity and cataracts. 
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principally from the fact that local governmental 
bodies in increasing numbers have been encouraged 
not to release animals from pounds for experimental 
use. 

Recommendations: We recommend a nationwide 
campaign to inform the public of: 

1. The critical role of pound animals in developing 
life-saving drugs. 

2. The large numbers of animals now being waste- 
fully destroyed. 

3. The ethical guidelines established by the Unit- 
ed States Department of Agriculture and their rigor- 
ous support by institutions in which these animals 
will be used. 

An additional recommendation is related to en- 
hancing the value of existing pound sources by 
supplying vaccines and drugs for the care of im- 
pounded animals. By so doing, diseases often endem- 
ic in these facilities could virtually be eliminated so 
that a high percentage of the animals obtained would 
be healthy and usable for research purposes. 


Problem 3: Relation of Metabolism to Toxicity 


Recommendation: Peak blood levels and half- 
lives can be useful in explaining differences in the 
sensitivity of different species of animals to the phar- 
macologic or toxic effects of the drug. Studies of bio- 
transformation may also explain differences in the 
toxicity between species, especially when unique me- 
tabolites are found. Unique metabolites may be stud- 
ied for their pharmacologic and toxicologic activity to 
support interpretation of the effects of the parent 
drug. When possible, concerted attempts to define 
these principles for new agents before their introduc- 
tion to man are warranted. 


Problem 4: Proper Subjects and Design for Phase | 
Studies 


Recommendation: Patients with a specific disease 
may, in some cases, be preferred subjects for Phase I 
investigation. For example, Phase I studies of antihy- 
pertensive and antiarrhythmic drugs may be per- 
formed in patients with mild hypertension or fre- 
quent ventricular premature contractions, as well as 
in normal volunteers. The results of studies of phar- 
macokinetics at this early stage may be particularly 
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useful in making decisions as to the schedule for re- 
peated doses in Phases I and II. 

The initial doses to be used in these studies are 
based upon the dose-response curves obtained in 
pharmacologic and toxicologic studies in animals. 


Problem 5: Incidence and Dose-Dependence of Adverse 
Drug Effects as an Aid in Evaluation of Benefit to Risk 
Ratios 

Recommendation: There is a need for the quanti- 
tative description of the dose-response relations of 
toxic effects, including determination of blood levels 
at which toxic effects occur and proper evaluation of 
the benefit to risk ratio. Adverse effects should be de- 
termined objectively and subjectively during con- 
trolled clinical trials and in the immediate postmar- 
keting phase. 


Problem 6: Inadequacy of Information Related to Safety 
and Dose-Effect Relations of Drugs in Pregnant Women 
and in Children 


Recommendation: There is an urgent need for 
studies designed to obtain these data to increase the 
availability of therapeutic agents in this patient pop- 
ulation. The estimated benefit to risk ratio should be 
used to determine the appropriate trial of new drugs 
in these subjects. 


Problem 7: Concept of Benefit to Risk Ratios in the Drug 
Approval Process 


Recommendation: Since disorders such as coro- 
nary artery disease, hypertensive cardiovascular dis- 
ease and recurrent ventricular arrhythmias carry an 
impressive risk to life, there is a need to consider this 
risk against the risk of a proposed form of therapy. In 
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such a patient population, it may be permissible to 
accept greater hazards from adverse drug effects. In 
the absence of effective alternative therapy, it may be 
advisable to give provisional approval for limited in- 
dications with continued careful monitoring. 

Since many cardiovascular drugs are used for long- 
term therapy, continued monitoring in Phase IV, in- 
cluding a comparison with standard forms of therapy, 
would be important. 


Problem 8: Need to Publish Results of Preclinical — 
Toxicology and Promote Toxicology as an Academic 
Discipline 

Recommendation: An appreciable body of knowl- 
edge and extensive experience in toxicologic tech- 
niques exists within the pharmaceutical industry, 
especially in regard to chemicals considered for drug 
use but discarded because of an assessment of exces- 
sive toxicologic risk. While it is appreciated that 
some restrictions exist in this area, it is recommend- 
ed that ways be explored to disseminate this basic 
toxicologic information aimed at the promotion of 
toxicology as an academic discipline and at increas- 
ing public awareness of the drug developmental pro- 
cess. Particular needs recognized included the early 
publication of preclinical toxicologic data to aid in 
the assessment of clinical studies and in the develop- 
ment of animal models for studies on the mecha- 
nisms of drug-induced toxicity. 

The academic counterpart of toxicology programs 
now active in industry needs to be expanded with 
particular emphasis on developing animal models 
and elucidating basic mechanisms of drug toxicity. 
Internships in industry may be a valuable part of 
training programs in toxicology. 





Design and Implementation of Early Clinical Trials 


ABRAMS (Chairman) MARTIN POWELL 
SHAND (Co-chairman) McDERMOTT RODDA 
ARNOLD O'NEILL SMITH 
FASOLA O'ROURKE WILSON 


l. Definitions 


1. Early clinical trials are conducted to provide an 
estimate of the efficacy and safety of new drugs and 
to aid in the design of Phase III studies. 

2. Phase I studies represent the first administra- 
tion of a new drug to human beings. The purposes are 
to determine human tolerance, absorption, metabo- 
lism, elimination, pharmacodynamics and dose range. 
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At the present time, healthy volunteers are usually 
employed. Identification of efficacy and further proof 
of safety continue in Phase II. 

3. Careful observations in man are essential be- 
cause animal studies provide only supportive infor- 
mation relative to safety, possible clinical utility and 
mechanism of action. Innovation requires the oppor- 
tunity for serendipity. 

4. Phase I and II studies involve approximately 


< 


100 to 200 subjects. It generally takes 1 to 3 years to 
reach a decision on whether to proceed with Phase III 
studies. However, studies of the Phase I and II type 
- are performed throughout the drug development pro- 
cess. 


Il. Participants 


The principal participants in early clinical trials 
are: (à) the sponsor (usually a pharmaceutical com- 
pany), (2) the investigator, and (3) regulatory agen- 
cies (principally the Food and Drug Administration). 
Subject volunteers must also be considered partici- 
pants in this process. All have a common goal: the de- 

velopment of safe and effective therapeutic agents. 


Ill. Roles of Participants 


A. Sponsor 


The sponsor must meet the scientific, regulatory 
and administrative requirements needed to initiate 
and conduct early clinical trials. Adequate knowledge 
of the field and identification of goals are essential to 
good study design. The sponsor must provide scien- 
tifically sound information for the investigational 
new drug application (IND) which is submitted to 
the FDA. This is also a regulatory requirement. 

The administrative requirements of the sponsor 
are to provide properly labeled and packaged drug 
supplies and clear, appropriate case report forms. 
The law requires sponsors to monitor studies to en- 
sure proper execution. Effective company adminis- 
tration is needed for prompt response to grant re- 
quests, scientific inquiries from investigators or re- 
view committees, and requests for supplies, forms or 
other services. An informed staff is needed to evalu- 
ate results of studies and develop further plans. 


B. Investigator 


Investigators should have a broad training in clini- 
cal pharmacology or medicine, or both. They should 
be able to design, conduct and evaluate early clinical 
trials. Adequate numbers of both normal and patient 
volunteers should be available together with efficient 
and versatile laboratories and trained personnel. ‘The 
use of the best current hemodynamic, biochemical 
and clinical pharmacologic techniques appropriate 
for early clinical trials of cardiovascular drugs or de- 
vices, or both, is highly desirable. Prompt reporting 
to the sponsor is essential to the drug development 
process. 

It is appreciated that studies with new drugs are 
only one aspect of an investigator's responsibilities. 
His versatility represents an essential strength but 
other responsibilities compete for available time. The 
independence of the investigator as a scientist is es- 
sential to the proper development of new therapeutic 
agents. 

An Institutional Review Committee is now a re- 
quirement for centers that wish to conduct studies 
with new drugs. Initiation of Phase I and II studies is 
greatly facilitated by an efficient and well informed 
committee. 
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C. Regulatory Agencies 


The FDA is responsible for the prompt review of 
the IND required to initiate early clinical trials. Sub- 
sequently, this agency may be involved in the deci- 
sion to proceed with, and in the planning of, Phase . 
III studies. 


IV. Problems 
A. Protocols 


Deficiencies in protocol design contribute to delays 
in drug development. The Task Force notes that 
pharmaceutical companies sometimes fail to consult 
potential investigators in the design of definitive pro- 
tocols. The investigator's experience in the field, and 
knowledge of his resources, would better ensure the 
success of the final protocol. In some instances the ri- 
gidity of proposed protocols reflects specific or antic- 
ipated requests of the FDA. 

Recommendation: Sponsors should encourage the 
collaboration of the investigator in the development 
of definitive protocols for early drug studies. Under 
some circumstances, the advice of the FDA might be 
helpful. Both specific protocols and the case report 
forms must be well defined and detailed with a prop- 
er balance between the goals of the study and the 
questions asked. Case report forms should be appro- 
priate and comprehensive. Where appropriate, the 
investigator should be encouraged to carry out paral- 
lel basic studies to enhance the quality of his clinical 
investigation. 

The group believes the proposed FDA guidelines 
will be helpful in the design of clinical trials. We rec- 
ognize that these are suggestions and urge they not 
be interpreted as rigid regulations. 


B. Manpower 


In some instances the drug development process is 
impaired by the monitor's lack of familiarity with the 
field. Principal investigators sometimes delegate au- 
thority and lose adequate contact with the study. 
'This causes delays in access to information and raises 
questions about the quality of the data. The FDA is 
not a frequent source of delay in the early drug devel- 
opment process. 

Recommendations: Pharmaceutical companies 
should recognize that medicine in general and the 
drug development process in particular are increas- 
ingly complex, and they should take steps to improve 
the scientific expertise of medical monitors. 

When principal investigators delegate authority we 
recommend that individuals responsible for data col- 
lection have adequate time and skill for the task as- 
signed. There appear to be enough well trained inves- 
tigators to meet the current requests for Phase I and 
II studies with cardiovascular drugs. However, should 
the process of new drug development be accelerated, 
a manpower shortage in this area may well develop. 
'The Task Force recognizes that shortages of investi- 
gators clearly exist in other areas. 
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C. Methodology 


The value of early pharmacokinetic studies relative 
to safety and planning subsequent trials has not been 
fully appreciated. To relate plasma concentrations 
and drug effects, further methods of measuring drug 
` actions with greater precision are needed. New non- 
invasive methods for objectively assessing cardiovas- 
cular function, such as echocardiography and radio- 
isotope angiocardiography, have recently been devel- 
oped. Their advent requires new concepts in experi- 
mental design and evaluation. These new techniques 
have not been fully utilized, and their potential to 
provide detailed and longitudinal studies in individu- 
al patients has not been fully exploited. 

Recommendations: Continued efforts to obtain 
early pharmacokinetic data are to be encouraged. 
Formulations suitable for both oral and parenteral 
administration would contribute to this effort. We 
recommend a wider application of the newer nonin- 
vasive techniques in early clinical trials with new car- 
diovascular drugs. These techniques may be used to 
provide a greater appreciation of individual patho- 
physiology and drug response existing within diag- 
nostic categories. However, the realization of the full 
potential of these techniques may necessitate differ- 
ent data collection methods, especially the use of 
longer control periods, in order to better estimate 
sources of individual variation. Statistical concepts 
not conventionally used in the cardiovascular area 
may be required to evaluate such data. 


D. Subjects 


The number of available normal volunteers is di- 
minishing because (1) problems have arisen regard- 
ing the role of prisoners in clinical research, (2) the 
definition of normal has become more restricted, and 
(3) the frequency of participation by individual 
subjects has been reduced. We also recognize that 
future health care delivery systems may impinge 
upon the sources of patient volunteers. 

Recommendations: We should be less dependent 
upon normal volunteers for Phase I studies. We pro- 
pose that Phase I drug studies be carried out in 
subjects (patient or normal volunteers) whose risk of 
participation in a drug trial is the least, and whose 
normal! values are most clearly established. For ex- 
ample, the Task Force believed that antihypertensive 
agents could be studied initially in patients with 
mild, uncomplicated hypertension, whereas antiin- 
fective agents should always be studied in normal 
subjects before their use in ill patients. Attempts 
should be made to improve the climate for participa- 
tion by normal volunteers in drug studies. Protocols 
should not be unduly restrictive regarding the char- 
acteristics of patients included, but attributes that 
may affect responses to the drug should be deter- 
mined in advance if possible. Future health care de- 
livery systems must recognize the need for continued 
therapeutic research in patients. 
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E. Institutional Review Committees 


The Task Force affirms the desirability of Institu- 
tional Review Committees. We recognize that the 
welfare of the patient or subject is the most impor- 
tant consideration of the investigator, sponsor and 
regulatory agency. We are aware, however, that the 
Institutional Review Committees process has been 
associated with substantial delays in the initiation of 
early clinical trials. The reasons for delays appear to 
be infrequent meetings, poor attendance and insuffi- 
cient representation among the various disciplines or 
specialties. We are also concerned that certain new 
HEW proposals relative to composition and function 
will further encumber such committees. 

Recommendation: We urge Institutional Review 
Committees to recognize their importance on the 
critical path in the development of new cardiovascu- 
lar drugs. We urge such committees to meet as often 
as necessary; to be composed of persons with appro- 
priate skills and expertise, and to respond clearly and 
knowledgeably to the investigator. 

We endorse the composition of Institutional Re- 
view Committees published by the FDA in the Feder- 
al Register of March 1971. We suggest that sponsors 
consider the preparation of special documents for the 
information of these local Review Committees. 


F. Regulatory Agencies 


This Task Force did not examine the IND require- 
ments per se, but noted that once an IND has been 
filed, the FDA is not a significant source of delay in 
the conduct of Phase I and II trials. 

The representatives of industry on the Task Force 
recognized the improved relations between industry 
and the FDA. However, there does not appear to be 
adequate communication between the FDA and the 
investigator as yet. | 

The Task Force believes that there is less than op- 
timal use of foreign data relative to early cardiovas- 
cular drug trials. The need to repeat these studies 
purely for regulatory purposes represents an unnec- 
essary duplication of time and effort. 

Recommendations: Efforts should be made to im- 
prove communication among the FDA, sponscrs and 
investigators involved in early clinical trials. The 
Task Force endorses the concept of a conference be- 
tween the Agency and the sponsor at the end of 
Phase II. The conference should include investigators 
experienced with the drug. We hold that the receipt 
of an institutional grant does not constitute conflict 
of interest. 

The Task Force shares the FDA view that certain 
foreign data may be applicable to the new drug devel- 
opment process in the United States. We recommend 
that the FDA consider the quality of the data with- 
out regard to the specific format. We also hold that 
the acceptance of data from qualified foreign investi- 
gators does not constitute approval of the drug regu- 


latory system of the country involved. 
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Phase Ill Trials and Drug Labeling 


MARTZ (Chairman) DENTON MAHA 
GIFFORD (Co-chairman) DOHERTY McMILLAN 
COHN, H. (Co-chairman) FROHLICH McNAY 
CURRY HAILMAN TEMPLE 


The Task Force commends the continuing efforts of 
the Food and Drug Administration to improve its 
mechanism of drug review through the substitution 
of institutional for personal decision making and the 
increased reliance on representatives of academia 
through the Advisory Committees. We are pleased by 
the efforts toward continuity of review of investiga- 
tional new drug (IND) and new drug application 
(NDA) submissions and stability in management. 
However, the Task Force is of the opinion that there 
are still areas for significant improvement to avoid 
unnecessary delays. 


Phase Ill Trials 


1. Mechanism for provisional approval and 
early marketing: To accumulate more meaningful 
safety data (under circumstances of practice) and, 
hopefully, shorten Phase III significantly (e.g., 5 to 10 
definitive studies), it is proposed that a mechanism 
be developed for provisional approval and earlier 
marketing. A condition for such approval would be 
that an intensive surveillance program be activated 
as a joint effort of the FDA, the sponsor, large health 
centers, and/or appropriate professional societies. 
This proposal would necessitate a greater involve- 
ment in the task of drug evaluation by qualified 
members of the academic and medical communities; 
one beneficial result would be the training of more 
clinical pharmacologists. 

2. Early clear definition of drug efficacy: In an 
effort to minimize misunderstandings and conse- 

quent delays in the review process, communication 
among industry, FDA and key investigators should 
be initiated at the inception of drug trials and main- 
tained until approval is given. It is hoped that special 
emphasis on early, clear definition of efficacy will sig- 
nificantly shorten the overall process. When agree- 
ment cannot be reached with regard to the definition 
of efficacy for a given compound, a member of the 
appropriate advisory committee should be brought 
into the dialogue. 

3. Simplification of case record forms: It was 
the consensus of the Task Force that a significant de- 
terrent to Phase III investigators is the complexity of 
protocols and the ever-increasing length of patient 
record forms. There must be an effort toward simpli- 
fication. One vital objective of the pre-Phase III con- 
ference should be to agree on the minimal amount of 


Van 


case record data that will suffice to support primary 
efficacy and safety. 

4. Development of peer review mechanism: 
Concern was expressed regarding the development of 
a peer review mechanism applicable to patients in a 
noninstitutional setting. It would seem that industry 
and other interested parties have a responsibility to 
assist in the development of a mechanism that would 
satisfy ethical and scientific concerns and yet not 
unduly delay trials. 

5. Published data in support of efficacy: The 
group is of the opinion that there should be a greater 
reliance on published data as primary support of effi- 
cacy and tolerability. We are in general support of re- 
cently proposed guidelines on the acceptability of 
foreign clinical data. We do not believe that such 
data should be excluded as primary evidence on the 
basis of differing ethical considerations, providing 
the data are scientifically sound and generated by 
qualified investigators working in reputable institu- 
tions and in accordance with the Declaration of Hel- 
sinki. Specifically, the lack of formal peer review 
should not serve as a basis for excluding such data. 

6. Review by Advisory Committee: If, at the 
conclusion of the initial review of a new drug applica- 
tion or at any subsequent review, there is a contro- 
versy regarding efficacy or safety, or both, the spon- 
sor should have the privilege of having the issue re- 
viewed by one or more members of the appropriate 
Advisory Committee. 

7. Composition of Advisory Committee: There 
was considerable support for representation of the 
physician in full-time clinical practice. 


Labeling 


1. Role of Advisory Committee: In an effort to 
accelerate decision making in the final labeling ap- 
proval process, a member or members of the Adviso- 
ry Committee should be brought into the discussion 
when irreconcilable differences exist between the 
sponsor and the FDA. 

2. Design and readability of package insert: It 
was the consensus of the Task Force that efforts 
should be made to improve the design and readabili- 
ty of the package insert. It was believed that the in- 
formation supplied by the package inserts should be 
made available to the physician in his office in the 
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at of a single, comprehensi? product 
formation. 
3. Listing of drug reactions: To eliminate the 
present encyclopedic and often ignored listing of ad- 
verse drug reactions in the present package insert 
. format, it is recommended that a stratification be at- 
tempted on the basis of approximate frequency and 
the degree of certainty of causation. 

4. Class labeling: Although the concept of class 
labeling has certain merits, the attempt to develop 
such labeling must not be permitted to obscure clini- 
cal and pharmacologic differences among drugs of 
the same class. 

5. Patient package insert: There was acceptance 
(though not unanimous) of the proposal for a patient 
package insert for all drugs in the cardiovascular/ 
renal class. Such a document should have as its pri- 

mary objective the increase of the patient's under- 
standing of his disease and the role of the medication 
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in treatment in order to improve compliance rather 
than solely emphasizing toxicity and adverse reac- 
tions. However, detailed study of the impact of such 
an informational piece on patient compliance and ac- 
ceptability would seem essential before any general 
implementation. There was minority concern regard- 
ing the impact of developing a patient package insert 
on the time required for labeling approval. 

6. Physician deviation from package insert 
recommendations: It is suggested that each package 
insert and drug brochure contain a statement to the 
effect that the information reflects an accurete sum- 
mary of reliable scientific information concerning the 
drug in question (at time of preparation), but that 
the physician i is at liberty to deviate from the recom- 
mendations in regard to either indications or dosage 
on the basis of information from other sources and 
other considerations relating to good medical prac- 
tice. 





Medicolegal Aspects of Drug Testing and Systems of 


Institutional Review 


PELLEGRINO (Chairman) KELSEY TAYLOR 
CHALKLEY (Co-chairman) LADIMER VARLEY 
CORDAY McINTOSH VODRA 
GARRETT MORACZEWSKI 


In the field of cardiovascular therapeutics, there is a 
definite need for introduction of new drugs. Granting 
the inadequacy of our knowledge about the patho- 
genesis of cardiovascular disorders, we can define a 
number of distinct areas in which new drugs are ur- 
gently needed today, for example, drugs that can mi- 
tigate the effects of myocardial infarction on ventric- 
ular function. Drugs, however, are not always suffi- 
cient in themselves, and achievement of their maxi- 
mal effectiveness may require the use of other mea- 
sures. 

The rate at which new therapeutic agents are de- 
veloped and introduced into medical practice is of so- 
cial significance because of the ubiquity of cardiovas- 
cular disorders that lack effective therapy. Any delay 
in the availability of a therapeutic agent will adverse- 
ly affect a substantial number of lives. The task force 
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agrees that a significant lag now exists and that every 
effort should be made to reduce the medicolegal bar- 
riers to the introduction of new drugs, especially 
those that add to the lag period. Although the mere 
rate of introduction of new drugs is not the sole mea- 
sure of the health of the nation or of medical prog- 
ress, it is clear that certain effective therapeutic 
agents in common use elsewhere are not yet available 
in this country. 

The term lag has several dimensions—the differ- 
ence in time between recognition of a problem and 
the synthesis of new candidate drugs, the time elaps- 
ing from discovery and synthesis of a new drug to its 
application, or the difference in time of introduction 
of a drug in this country as contrasted with its avail- 
ability abroad. Lag must not always be identified as 
bad. Time is needed to effect a proper process of 
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evaluation of efficacy and of safety of a drug. When 
the term is used in this discussion, it is used opera- 
tionally—that is, to cover all these meanings. 

The concentration of the task force, therefore, was 
to enumerate the major obstacles they perceive as in- 
terfering now or in the future with the development 
and use of new agents and then to make recommen- 
dations that might ameliorate these delays and thus 
to shorten the lag period. 


Obstacle 1 


The burdens, inconsistencies and lacunae of law 
affecting drug investigation contribute to delays in 
the introduction of new drugs. 

A. The burdens of existing laws and regulations 
include: 

1. Unnecessarily rigorous requirements for in- 
formed consent. 

2. Layering of federal, state and institutional re- 
view mechanisms. 

3. Laws broadly prohibiting the involvement of 
certain subject groups in research, without regard to 
the future medical needs of these groups. 

4. Prohibition of certain medical procedures. 

B. The failure of existing law and regulations to 
endorse the concepts and procedures necessary to the 
conduct of clinical investigation leaves many investi- 
gators uncertain as to the legality of essential scien- 
tific controls including: 

1. The use of placebos or of alternate treatments. 

2. Randomization of patients. 

3. Use of blind and double-blind procedures. 

4. Temporary withholding of treatment to permit 
establishment of physiologic base lines. 


Recommendation 


Investigators, institutions, scientific societies and 
industry should actively participate in permissible ef- 
forts to eliminate provision of statute law that mili- 
tate against the timely and ethical development of 
_ safe and effective drugs. Similarly, they should par- 
ticipate in the public rule-making process and, when 
appropriate, petition for the establishment of needed 
regulation. 

Recognizing that laws enacted in response to spe- 
cific *hard" cases may make bad law, efforts should 
be made to explore the issues in advance. Where fea- 
sible, recourse should be had to the enactment of uni- 
form state laws governing such issues as the nature, 
requirements and scope of informed consent; require- 
ments for protocol review by state bodies that are 
consistent with federal requirements; and uniform 
treatment of the legal acceptability of research proce- 
dures. In addition, legislation that seeks to make ab- 
solute prohibition of research involvement of specific 
subject groups or specific research procedures, or 
. seeks to establish as law the views of any particular 
moral group, should be discouraged. While it is recog- 
nized that exploitation of certain groups is a real dan- 
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ger and must be assiduously guarded against, a closer 
and more careful review of the dangers and the bene- 
fits of clinical investigations for these special groups 
should be rigorously reexamined. A task force should 
be assigned for study of this question and be charged 
to bring in recommendations for modification of law . 
and ethical standards to deal with the issues more 
realistically than can be done on the present piece- 
meal basis. 


Obstacle Il 


Fear of legal consequences, which increasingly in- 
hibits investigation of new drugs and their reduction 
to practice. 


Recommendation 


1. Provision for specific insurance against liability 
incurred as a consequence of participation in investi- 
gations (by federal and nonfederal physicians) should 
be provided by federal agencies and industry. Legis- 
lation to provide a no-fault insurance mechanism 
should be explored. 

2. Investigators need a better appreciation of their 
rights and responsibilities (moral, religious and ethi- 
cal) in clinical investigations. This can be encouraged 
through a variety of means such as brochures, courses 
and seminars. Assurances about what is permissible 
are equally necessary. Examples of successful prac- 
tice are a useful means of producing such assurances. 

3. The FDA should emphasize to physicians its 
positive role in its responsibility to the public, pa- 
tients, subjects and physicians in ensuring the intro- 
duction of effective and safe drugs. 

4. Institute informal medicolegal mechanisms for 
settlement of disputes by mutual voluntary consent 
of the disputants. Matters that could be handled in 
this way include: medical malpractice and investiga- 
tors’ right of appeal against the opinions of the re- 
view committee. 

5. Clarification of government regulations as to 
precisely what is required of investigators. 

6. Better education of the public on the need for 
clinical investigation to produce a better climate of 
support for introduction and use of new drugs. 

7. Up-to-date instruction of investigators, institu- 
tions and the public about consent—how to get valid 
consent, what constitutes valid consent, and the like. 


Obstacle Ill 


The requirement for review of research protocols 
has not been accompanied by any clear recognition of 
the time-consuming nature of this process. It takes 
too long to review protocols. 


Recommendations 


1. Emphasis should continue to be placed on the 
principle that review should be performed principally 
by scientifically trained people. Appropriate lay rep- 
resentation must be provided. When possible, in- 
depth, technical, scientific review of protocols should 
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be separated’ from broad interdisciplinary (both lay 
and scientific) review. 

2. Adjustment of review requirements to permit 
better utilization of standard research protocols or 
other existing review mechanisms. 

3. More and better training for review committees 
consistent with appropriate educational standards in 
workshops (national and regional) for committee 
members, including lay representatives on com- 
. mittees. | 

4. Development of regional panels from which spe- 
cialist members can be drawn to provide for the re- 
view of individual protocols not within the compe- 
tence of local committees. 

5. Establishment of a national clearing mechanism 
for exchange of information with regard to practices, 
problems, opinions and decisions of the committees. 

6. At the same time, efforts should be made to 
avoid a national research review agency separate 
from existing mechanisms or agencies. 


Obstacle IV 


There is a perception, which may or may not be 
valid, on the part of industry and investigators, that 
federal law and regulations may exceed the require- 
ments of good science, on the one hand, and of con- 
gressional intent, on the other. For example, pressure 
for animal investigations as a prelude to clinical trial 
may prove unrealistic when there is no satisfactory 
animal model from which to draw valid conclusions. 
The complex requirements in other instances may 
not always be abreast of the latest scientific informa- 
tion. Another example is the increasing reliance on 
the package insert as a standard of practice, which 
may restrict new or expanded uses of a drug. 


Recommendation 


The legal status of package inserts should be clear- 
ly identified. In 37 CFR 16504 the FDA noted: 


Although labeling, along with medical articles, tests, and 
expert opinion may constitute evidence of the proper 
practice of medicine, it is not controlling on this issue. 
The labeling is not intended either to preclude the physi- 
cian from using his best judgment in the interest of the 
patient, or to impose liability if he does not follow the 
package insert. A physician should recognize, however, 
that the package insert represents a summary of the im- 
portant information on the conditions under which the 
drug has been shown to be safe and effective by adequate 
scientific data submitted to the Food and Drug Adminis- 
tration. 


To remain effective, package inserts must be updated 
periodically. 

The FDA and other bodies periodically should crit- 
ically review the existing regulations to be certain 
that they are not in violation of the principles of good 
science and that they are not self-defeating with re- 
spect to the original intent of Congress in enacting 
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the legislation as a mechanism for the protection of 
the public. 


Obstacle V 


There is a perception that the criteria used in the 
evaluation of clinical trials conducted in foreign 
countries are considered not well defined. This is as- 
sumed to result in the rejection of valid foreign clini- 
cal data, or the acceptance of dubious data. As a re- 
sult, unnecessary duplication of effort or undue delay 
might result in introducing drugs from foreign 
sources. 


Recommendation 


A better assessment and clearer definition of the 
criteria used in the evaluation of data from foreign 
countries is needed. 


Obstacle VI 


There is the perception that in some instances in- 
dustrial trade secret requirements may cause delay, 
duplication of effort, loss of money, unnecessary ef- 
fort and putting patients at risk unnecessarily. There 
is a difference of opinion as to the frequency or sig- 
nificance of this obstacle, but it may become of im- 
portance in the future. | 


Recommendation 


The FDA and industry should expand the condi- 
tions under which information obtained by one com- 
pany may be made available to others engaged in 
study of the same or related drugs (for example, in 
cases of toxic manifestations). In addition, data on 
discontinued or lapsed investigations should be 
shared and declared no longer secret, particularly 
toxicologic data. 


Obstacle VII 


There exists a need for certain drugs of limited ap- 
plication, high cost and small market which nonethe- 
less require development. In such situations govern- 
ment subsidy should be provided to complete re- 
quired study. Existing contract and patent regula- 
tions should be utilized to protect the government in- 
terest in the compound. 


Obstacle VIII | 


Distrust of industry and industry associations be- 
cause of a few historical instances of concealment of 
adverse effects has discouraged investigators from 
entering or continuing effort in the drug development 
field. 


Recommendation 


Concealment of material facts relating to toxicity 
or adverse reaction should be defined by statute and 
regulation as a criminal act subject to severe penal- 
ties. 


—~ 
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The Drug Approval Process 


GOLDBERG (Chairman) BELTON KOHLSTAEDT 
PELTIER (Co-chairman) CHRISTENSEN SAUNDERS 
CROUT (Co-chairman) COVINO SCHIFFRIN 


A. Improvement of IND/NDA Process 


1. We recommend that increased attention be di- 
rected toward planning and protocol review during 
the investigational new drug (IND) phase rather than 
detailed review of the new drug application once it is 
completed and submitted. 

2. We recommend that a separate review mecha- 
nism be developed for drugs intended for marketing 
and that during their investigational phase data on 
- these drugs be submitted in a new format known as 
Developing New Drug Applications (DNDAs). 

3. We propose that clinical and laboratory data 
developed during the investigational phase of such 
new drugs be submitted and reviewed sequentially in 
the form of a Phase I DNDA, a Phase II DNDA, and 
finally a Phase III DNDA. Approval of this final seg- 
ment of the DNDA series would be equivalent to ap- 
proval of the drug application. This system would 
eliminate duplicate submission of data and divide the 
review process into a logical sequence that would aid 
rational decision-making in both the industry and 
the FDA. 

4. We recommend that the proposed prescribing 
information or product labeling be submitted in draft 
at the beginning of the Phase III DNDA to serve as a 
planning guide for clinical studies to be conducted 
during that phase. 


B. Recommendations for Improving the Labeling 
Process 


1. The Task Force recognizes that a serious delay 
in the approval of new drug applications frequently 
occurs because of differences of opinion regarding ad- 
equacy of drug labeling. A sincere effort is recom- 
mended to improve the process in formulation of new 
drug labeling. In addition to the input of the FDA 
and industry, some representation from the medical 
profession should participate in the formulation of 
new drug labeling. 

2. The Task Force recommends that the system of 
including information as package inserts be discon- 
tinued except for parenterally administered drugs 
which are used primarily in hospitals. The consensus 
was that physicians rarely see these package inserts. 
These are usually disposed of by pharmacists. As an 
alternative the Task Force recommended that it 
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would be more appropriate that the prescribing in- 
formation on new drugs be sent out by manufacturers 
to all physicians when new drugs are announced. 
These circulars would contain no promotional infor- 
mation and would have the same legal status as the 
present package circular. The product information 
for physicians should be released in a standard form 
so that it could be filed in a notebook. These data 
should also be included in a compendium. 

3. In addition, the Task Force suggested that it 
would be useful to provide product information for 
patients. It would not be necessary to prepare these 
data before release of the drug; nor would it be a pre- 
requisite of approval of an NDA. These product in- 
formation sheets would be available to enhance the 
physician-patient relation. 

4. The Task Force suggested that consideration be 
given to an initial restrictive type of labeling in an ef- 
fort to expedite the approval of certain new drugs. 
After additional experience with such agents, label- 
ing should be reviewed, and, if warranted, the restric- 
tions modified. 


C. Approval of New Claims for Marketed Drugs 


1. The group recognized that new uses for a drug 
often develop after the drug is marketed. The quality 
of information supporting such new uses varies great- 
ly. Research on new uses often occurs in foreign 
countries and also outside of the IND process in the 
United States. Thus, full case reports in support of 
new claims may not always be available. 

2. We recommend that the FDA, industry and in- 
vestigators engage in collaborative efforts to bring 
such research under the IND process whenever possi- 
ble. 

3. We also recommend that greater use be made of 
the medical literature in supporting new claims for 
marketed drugs. Full case reports should not neces- 
sarily be required to back up high quality trials pub- 
lished in well reviewed journals with strict scientific 
editorial policies. 


D. Postmarketing Investigations of New Drugs 


1. When necessary to do such studies the Task 
Force recommends that epidemiologic consultants 
advise both the industry and the Food and Drug Ad- 


October 1, 1974 The American Journal of CARDIOLOGY Volume 34 485 


DRUG APRROVAL PROCESS—TASK FORCE 6 


D 


ministration’ as to the most appropriate design of 
studies to evaluate either safety or efficacy following 
early release of a new drug. If safety questions are at 
issue, reporting of adverse reaction is paramount. 


E. Recommendation for an Advisory Standing 
Committee 


1A Standing Committee should be appointed to- 


consider issues in clinical pharmacology and thera- 
peutics in the cardiovascular area and to include - 


members of the American College of Cardiology and | 


the American Heart Association. The purpose of this 


committee would be to provide liaison between mem- 
bers of these organizations, the FDA, the pharmaceu- 


tical industry and the National Heart and Lung In- 
stitute. 
The functions of the committee might well include: 
1. Stimulating research in cardiovascular drugs. 
2. Developing criteria for efficacy in major areas of 
pee pers interest. dd os 
3. Considering quality of evidence. ! 
4. Providing gditozian reviews of ER therapy: 
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Uncontrolled hypertension ^ When 


increases the patient's 
vulnerability to organ 
damage. 


Allthe more reason 


to treat hypertension 
with Ismelin. 


Often when other antihyper- 
tensive agents can no longer effec- 
tively control hypertension, it may 
be time to substitute Ismelin or to 
add it to the patient's present anti- 
hypertensive regimen. 


Guanethidine (Ismelin) is perhaps 
available 


the most effective agent ever 
for controlling moderate to severe 


hypertension. And Ismelin usually 


brings blood pressure down 
to stay. 


Ismelin is added to other antihyperten- ex 


sives, initial doses should be small and increased 


gradually by small increments. Dos- 
age of all drugs should be reduced to 
the lowest effective level once blood 
pressure control is established. With 
the reduction of dosage, side effects 
are often minimized. 

Patients should be warned about 
the potential hazards of orthostatic 
hypotension and should be cautioned 
to avoid sudden or prolonged stand- 
ing or exercise. 

The prognosis of serious organ 
damage that often accompanies: 
hypertension precludes any casual 
treatment of this disease. Ismelin takes 
hypertension seriously. 





I smelin sutfate 
(guanethidine sulfate) 


sooner may 


be better for 


the uncontrolled 


hypertensive 


Ismelin® sulfate (guanethidine sulfate) 
INDICATIONS: Moderate and severe hyperten- 
sion either alone or as an adjunct. 
CONTRAINDICATIONS: Known or suspected 
pheochromocytoma; hypersensitivity; frank 
congestive heart failure not due to hyperten- 
sion; patients taking MAO inhibitors. 
WARNINGS: Ismelin is a potent drug and can 
lead to disturbing and serious clinical prob- 
lems. Physicians-should be familiar with the 
details of its use before prescribing, and 

atients should be warned not to deviate from 
instructions. 


Warn patients about the potential hazard 

of orthostatic hypotension, which can occur 
frequently anc is most marked in the morn- 
ing and is accentuated by hot weather, 
alcohol, or exercise. To help prevent faint- 
ing, warn patients to sit or lie down with 
onset of dizziness or weakness, which may 


be particularly bothersome during the ini- 
etial period of C Eee den reci A and with 


postural changes e potential occurrence 
of these symptoms may require alteration 
of previous daily activity. Caution patients 
to avoid sudden or prolonged standing or 
exercise while taking the drug. 





Concurrent use with rauwolfia derivatives 
may cause excessive postural hypotension, 
(bradycardia, and mental depression. 
Ulf possible, withdraw therapy 2 weeks prior 

to surgery to reduce the possibility of vascular 
collapse and cardiac arrest during anesthesia. 
If emergency surgery is indicated, administer 


i^ 


preanesthetic and anesthetic agents cautiously 
in reduced dosage and have oxygen, atropine, 
vasopressors, and IV solutions ready for imme- 
diate use to treat vascular collapse. Vasopres- 
sors should be used with extreme caution in 
patients on Ismelin because of the possibility 
of augmented response and the greater pro- 
pensity for cardiac arrhythmias. 

Dosage requirements may be reduced in pres- 
ence of fever. Exercise special care when treat- 
ing patients with a history of bronchial asthma, 
since their condition may be aggravated. 

Usage in Pregnancy 

The safety of Ismelin for use in pregnancy has 
not been established; therefore, this drug 
should be used in pregnant patients only when, 
in the judgment of the physician, its use is 
deemed essential to the welfare of the patient. 
PRECAUTIONS: The effects of guanethidine 
are cumulative over long periods; initial dose 
should be small and increased gradually in 
small increments. Use very cautiously in hyper- 
tensives with: renal disease and nitrogen reten- 
tion or rising BUN levels; coronary disease with 
insufficiency or recent myocardial infarction; - 
cerebral vascular disease, especially with 
encephalopathy. Do not give |smelin to patients 
with severe cardiac failure except with extreme 
caution. 

In incipient cardiac decompensation weight 
gain or edema may be averted by the adminis- 
tration of a thiazide. Remember that both 
digitalis and Ismelin slow the heart rate. 

Peptic ulcers or other chronic disorders may 
be aggravated by a relative increase in para- 
sympathetic tone. 

Amphetamine-like compounds, stimulants (eg, 
ephedrine, methylphenidate), tricyclic antide- 
pressants (eg, amitriptyline, imipramine, 
desipramine), and other psychopharmacologic 
agents (eg, phenothiazines and related com- 
pounds), and oral contraceptives may reduce 


tinue MAO inhibitors for at least one week 
before starting Ismelin. 

ADVERSE REACTIONS: Frequent reactions due 
to sympathetic blockade—dizziness, weakness, 
lassitude, syncope. Frequent reactions due to 
unopposed parasympathetic activity—bradycar- 
dia, increase in bowel movements, diarrhea 
(may be severe and necessitate discontinuance 
of the drug). Other common reactions—inhibi- 
tion of ejaculation, fluid retention, edema, con- 
gestive heart failure. Other less common reac- 
tions—dyspnea, fatigue, nausea, vomiting, 
nocturia, urinary incontinence, dermatitis, 
scalp hair loss, dry mouth, rise in BUN, ptosis 
of the lids, blurring of vision, parotid tender- 
ness, myalgia, muscle tremor, mental depres- 
sion, chest pains (angina), chest paresthesias, 
nasal congestion, weight gain, and asthma in 
susceptible individuals. Although a causal 
relationship has not been established, a few 
instances of anemia, thrombocytopenia, and 
leukopenia have been reported. 

DOSAGE AND ADMINISTRATION: Initial dosage 
should be low and increased gradually by small 
increments. 


Before starting therapy, consult complete 
product literature. 


HOW SUPPLIED: Tablets, 10 mg (pale yellow, 
scored) and 25 mg (white, scored); bottles of 
100 and 1000. 


CIBA Pharmaceutical Company 
Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 
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A coordinated system providing continuous ^ 
control of the pacemaker patient from : | 
pre-implant care to post-implant follow-up 
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STABILIZED PRIOR CONTROLLED DURING 
TO SURGERY with a IMPLANTATION by the 
Medtronic External Pacemaker. Medtronic Pacing System Analyzer. 





PACED by a Medtronic 

pulse generator and lead. IMPLANTATION with the 
Medtronic TeleTrace™ Telephone 
EKG System or by the Meatronic 
Pacemaker Pulse Monitor. 


THE PACEMAKER 
GIVES YOU MORE THAN JUST A PACEMAKER 


Originally, when Meatronic pioneered the development of pacemaker 
technology, there was only the pacemaker. Today, there is more. 
Much more. Today, the pulse generator is only one part of a total 
life-support system. It's the sort of system that can assure your patient 
optimum performance from the implanted unit plus the benefits of a 
fuller, more complete life. 

Medtronic provides you with a variety of well-integrated equipment. 
Equipment designed to be part of a total life-support system. Equipment 
that gives you continuity in the close control of your pacemaker patients. 
The innovative thinking that led to the development of such a total 
life-support system is just one of the many reasons why Medtronic is 
the pacemaker in pacemaking. 

Medtronic representatives are strategically located throughout the 
world. For more complete product information contact the 
representative nearest you. 
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In observing its 25th Anniversary Y ear, the American College of 
Cardiology takes pleasure in announcing the availability of .. . 


ACCEL” SUPPLEMENT NUMBER TWENTY-FOUR 
entitled 


AN ORAL HISTORY OF TWENTY-FIVE YEARS 
OF AMERICAN CARDIOLOGY 
1949-1974 


This supplement, An Oral History of American Cardiology, is a rare jewel and will become a collector's item. Bound in 
a handsome vinyl album, the supplement contains five 60-minute audio cassette tapes. In their own voices, the great con- 
tributors to cardiac resuscitation, cardiac surgery, pacemakers, prosthetic devices, arrhythmias, medical therapy, preven- 
tive medicine, diagnosis and teaching describe their life and times. This living memoir, with voices, photographs, cur- 
riculum vitae, and bibliographies, celebrates the creative work in American Cardiology in the third quarter of this cen- 
tury—and honors the Twenty-fifth Anniversary of the American College of Cardiology. 





One way of expressing the delight and merit of this Oral History is to remind ourselves of the pleasure we would have 
if we could hear the voices of Laénnec, Harvey, Corrigan, Heberden, Withering, describing their work. 


Here on this Oral History are the voices of Adams, Bailey, Bing, Bishop, Burch, Cooley, Corday, DeBakey, Dexter, 
Doherty, Dustan, Edwards, Effler, Engle, Freis, Gofman, Griffith, Harrison, Hurst, Keys, Kouwenhoven, Kolff, LaDue, 
Likoff, Lillehei, Lown, Page, Ravin, Russek, Sodeman, Sokolow, Stamler, Taussig, Terry, Wood, Wright and Zoll. 


This supplement will make an outstanding gift for medical students and house officers and, equally, will give the listener 
who has experienced these productive years between 1949 and 1974, pleasure and knowledge. 
CD Cue seca gts. a ae oe OO 
Produced by: E. Grey Dimond, M.D. 
Editor-in-Chief, ACCEL™ 
Kansas City, Mo. 





9650 Rockville Pike, Bethesda, Md. 20014 


Please send me the ACCEL™ Supplement No. 24, AN ORAL HISTORY OF TWENTY-FIVE YEARS OF AMERICAN . 
CARDIOLOGY. |] I enclose $20.00 (U. S. Funds). (Make check payable to: The American College of Cardiology.) 
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l. Introduction 


From time to time the critical review of a subject will 
permit delineation of the present state of the art, 
analysis of problems and speculation on future devel- 
opments. Reviews of this type, prepared and pub- 
lished periodically by this Commission, have been 
well received and have already served the cause of 
future planning for prevention and care of cardiovas- 
cular diseases. Electrical pacing of the heart by an 
implantable pacemaker, a method slightly more than 
15 years old, seems an appropriate subject for such 
an analysis. Its scope is relatively limited and it can 
easily be summarized in medical and technological 
terms. 

It is the intent of this statement, prepared by clini- 
cians experienced in cardiac pacing in consultation 
with cardiologists, surgeons, design engineers and 
representatives of industry and regulatory agencies,* 
to define the present state of the art of permanent 
pacing of the heart, to describe problems and their 
possible solutions, to suggest standards of medical 
care and to identify the resources necessary for the 
delivery of this care. Specific technical details dealing 
with indications for pacing, selection of different pac- 
ing modes, implantation, electrophysiology and oper- 
ative technigue are not included. These are readily 
available in standard textbooks and references. The 
report should be of value to both physicians and hos- 
pital administrators in planning optimal programs 
for the management of pacemaker patients. 


ll. Suggested Nomenclature for Implantable 
Cardiac Pacemakers 


When there was only one type of pacemaker, no 
matter what it was called, everyone knew it was a de- 
vice that discharged at a fixed rate. After 1964, how- 
ever, with the rapid development of new kinds of 
units with varying sensing and pacing modes termi- 
nology became a problem; different terms were used 
for the same function, and in some cases different 
proprietary names were contrived for similar pace- 
makers. To obviate any such confusion in this review, 
we have designed a nomenclature code (Fig. 1) to 
identify the mode of operation of the pulse genera- 
tor.f 

Examples of application of the terminology to ex- 
isting conventional pacemakers would be: (1) Med- 
tronic demand, VVI; (2) Biotronik IRP-44, VVT; (3) 
Cordis Atricor, VAT; (4) A-0 bifocal, DVI; and (5) 
General Electric fixed rate, V0O (Table I). 

Even the most complicated units can thus be func- 
tionally described by no more than three letters. For 
example, in an experimental system in which two 
pacemakers are implanted to achieve atrioventricular 
(A-V) synchrony, the atrial pacer senses the atrium 
and stimulates it first. The ventricular pacemaker 


* See Acknowledgments. 

T The basic structure of this nomenclature code was suggested 
several years ago by Smyth and it has been modified slightly for pre- 
sentation here. 


Three Letter Identification Code 


1st Letter 2nd Letter 3rd Letter 
Chamber Paced Chamber Sensed Mode of Response 

V — Ventricle | = Inhibited 

A = Atrium T = Triggered 


D = Double chamber O = Not Applicable 


First letter: The paced chamber is identified by V for ventricle, 
A for atrium or D for double—both atrium and ventricle. 
Second letter: The sensed chamber, if either, is again V for 
ventricle, A for atrium. 
Third letter: The mode of response, if any, is either: 
| for inhibited, a pacemaker whose output is blocked by a 
sensed signal, or | 
T for triggered, a unit whose output is discharged by a 
sensed signal. 
The letter ''O" indicates that a specific comment is not appli- 
cable. 


FIGURE 1. Three letter identification code. 


then senses the atrial pacer spike and, in turn, stimu- 
lates the ventricle after an appropriate A-V delay. 
While a proprietary name has not been suggested for 
this mode, the symbols DAT describe its function, 
i.e., an atrioventricular pacemaker (D), sensing the 
atrium (A) and functioning in a triggered mode (T). 

Throughout the remainder of this document the 
conventional designation of a pacing mode will be fol- 
lowed by its three descriptive symbols. 


lil. Summary of Physician Survey 


Since 1958, when the first pacemaker was implant- 
ed in a human subject, approximately 120,000 new 
implants have been made in this country and, as of 
1972, 90,000 of these patients were still living. Ac- 
cording to a recent physician survey,* 58 percent of 
the patients are male; less than 1 percent are under 
10 and 40 percent are under 65. The average age is 70 
years. Although 10 to 15 percent of patients fail to 
survive the first year, 50 to 60 percent are alive at the 
end of 5 years. Deaths are usually due to conditions 
not attributable to pacemaker function. 

The rhythm disturbance necessitating pacemaker 
implantation may be associated with arteriosclerotic 
heart disease; fibrosclerosis of the conduction path- 
ways (idiopathic fibrosis, Lev's or Lenegre's disease) 
may at times be found, and the etiology of other cases 
is often unknown. In the early days of pacing the only 
rhythm disturbance accepted as an indication for 
pacemaker implantation was fixed complete heart 


* Conducted in October 1972. A mailing list of 647 physicians 
was provided by pacemaker manufacturers with each submitting the 
largest 100 to 200 accounts. There were 166 usable replies (26 per- 
cent). Additional respondents were obtained from the mailing list of 
an earlier (1970) survey conducted by Dr. Parsonnet and from a list 
of hospitals reporting at least 25 implants per year (Parsonnet VA: 
Survey of cardiac pacing in the U. S. and Canada. In, Cardiac Pac- 
ing, Proceedings of the Fourth International Symposium on Cardiac 
Pacing (Thalen HJ, ed). The Netherlands, Van Gorcum & Comp. 
B.V., Assen, 1973, p 41—48. 
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TABLE |I 
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Suggested Nomenclature Code for Implantable Cardiac Pacemakers 
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Mode of 
Response 


Chamber 
Sensed 


Chamber 


Paced Generic Description 


eed m putt dimi m uiu tii iiia ee RETREAT A 
7 


Previously Used Designation 


V 0 0 Ventricular pacing; no sensing function Asynchronous; fixed rate; set rate 
A 0 0 Atrial pacing; no sensing function Atrial fixed rate; atrial asynchronous 
D 0 0 Atrioventricular pacing; no sensing A-V sequential fixed rate (asynchronous) 
function 
V V | Ventricular pacing and sensing, inhibited Ventricular inhibited; R inhibited; R blocking; R 
mode suppressed; noncompetitive inhibited; demand; 
standby 
V V T Ventricular pacing and sensing, triggered Ventricular triggered; R triggered; R wave stimu- 
mode lated; noncompetitive triggered; following; R 
synchronous; demand; standby 
A A | Atrial pacing and sensing, inhibited mode Atrial inhibited; P inhibited; P blocking; P 
suppressed 
A A T Atrial pacing and sensing, triggered mode Atrial triggered; P triggered; P stimulated; P 
synchronous 
V A T Ventricular pacing, atrial sensing Atrial synchronous, atrial synchronized, A-V 
triggered mode synchronous 
D V | Atrioventricular packing, ventricular sens- Bifocal sequential demand, A-V sequential 


ing, inhibited mode 


Mr a a e i —————————— 


block; currently, intermittent complete block ac- 
counts for approximately two thirds of cases. Other 
indications include sinus arrest, sick sinus node syn- 
drome, second degree A-V block, syncope due to sus- 
pected intermittent heart block, heart block associ- 
ated with drug therapy, and certain tachyarrhyth- 
mias. 

In general, physicians appear to be fairly well satis- 
fied with available pacemaker models though most 
believe them to be too large and heavy. There is uni- 
versal agreement that improvements should be made 
in battery longevity and electrode design, and inter- 
est is expressed in transvenous electrodes that will 
“grasp?” the endocardium to reduce electrode dis- 
placement in the early phases of transvenous implan- 
tation. Respondents also indicate interest in greater 
use of atrial pacing. They consider the continued de- 
velopment of a system for noninvasive control of 
pacemaker function, particularly pacemaker output, 
highly desirable as a means of prolonging pacemaker 
life. 

Only half of the hospitals that serve pacemaker pa- 
tients state that they provide or are in the process of 
developing some form of organized follow-up system. 
Telephone monitoring of pacemaker function has 
grown in popularity either as an independent system 
or to augment a waveform analysis clinic. 


IV. Status of Pacemaker Components and 
Functions 


Electrodes, Leads and Connectors 


By definition, the electrode is the uninsulated por- 
tion of a lead, anode or cathode, in direct electrical 
contact with the body. In unipolar electrode systems 
only one electrode, the cathode, is in the heart. The 


other, an "indifferent" electrode remote from the 
heart, is a large metal plate, often the external cap- 
sule of the pulse generator. In a bipolar electrode sys- 
tem both electrodes, cathode and anode, lie against 
or near responsive myocardial tissue. The electrode 
may take the form of a hemisphere, cylindrical ring, 
coil or a “screw-in” wire. 

The most popular electrode materials are plati- 
num-iridium and a cobalt-nickel alloy, chosen be- 
cause of their resistance to corrosion, satisfactory 
electrical conductivity, compatibility with body 
tissues, and limited polarization effects. New elec- 
trode materials should be compared with these as 
standards. 

The electrode is in continuity with the metallic 
lead wire from the pulse generator. Sometimes it is 
merely the bare end of the wire; in most cases, how- 
ever, it is a separate metallic element joined to the 
lead wire. This junction must be strong, permanent 
and of a similar metal so that corrosion will not occur 
at the connection. The most common lead wire con- 
figuration is the helical coil in which no one point will 
be subjected to excessive flexion and thus to ultimate 
fracture. Wires are typically composed of steel, co- 
balt-nickel alloys or platinim-iridium, with the last 
somewhat less resistant to flexion fatigue. Despite 
the sophisticated design, wire fractures continue to 
occur at a rate of 1 to 2 percent a year. With the de- 
velopment of long-term power sources efforts will 
have to be made to develop still better leads. Manu- 
facturers should provide information regarding the 
electrical resistance of the lead system, its dimen- 
sions, materials, electrode surface area and antici- 
pated threshold of stimulation. 

Unipolar electrodes are smaller in diameter than 
bipolar, have superior R wave sensing, are easier to 
repair, and may necessitate less surgery during pulse 
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generator replacement. Bipolar electrodes, on the 
other hand, are less sensitive to interfering signals 
and in some cases, if one lead fractures, may be con- 
verted to a unipolar system. Both types are used 
widely and it is impossible at this time to recommend 
. -one over the other. 

When pacemakers were first developed, one of the 
principal considerations was that electrodes should 
be large enough to prevent corrosion by high current 
density. It soon became evident that there was an 
equally strong argument for the use of small elec- 
trodes. The threshold of stimulation of the heart is 
directly related to the effective electrode size; the 
smaller the electrode surface area the lower the stim- 
ulation threshold. Lower stimulation thresholds re- 
quire less pulse generator output and less current 
drain from the battery, so battery life can be pro- 
longed by smaller electrodes. Earlier fears that the 
small electrode system would corrode have not been 
realized because of the use of reduced current output 
pulse generators, and because appropriate materials 
have been found with low corrosion effects. Most 
manufacturers now provide pacemakers with small 
area electrodes, and these are to be recommended. 
Although the electrodes could be made smaller still, 
it remains to be demonstrated that further gains can 
be made in increasing the life of conventional bat- 
teries. The fear that small electrodes would be associ- 
. ated with a high incidence of perforation has not 
been borne out by practical experience. 

The lead system is attached to the pulse generator 
by a connector or “plug-in.” Connection and discon- 
nection are made by physical compression or by vari- 
ous types of screw arrangements and all connectors 
currently available are physically and electrically se- 
cure when properly used. Because corrosion at the 
connector can occur if dissimilar metals come in con- 
tact with each other, materials of the connecting ele- 
ments should be identical. Manufacturers have not 
agreed upon a universal connector system but, when 
one pacemaker model is exchanged for another, they 
will provide adapter kits to accommodate the pulse 
generator of one model to the lead wire of another; 
there should also be a description of how to convert a 
bipolar to a unipolar system. 

Problems with both connection and disconnection 
have occurred. In connecting the pulse generator and 
the lead wire, lack of adequate proof of a secure con- 
tact has led to faulty connection and later disruption 
of the elements. Freezing of the connection by metal- 
lic corrosion, mechanical jamming and silicone ce- 
ments at times have made disconnection difficult or 
impossible. Further work in design of connectors is 
necessary. The connector should provide positive in- 
dication of proper contact, the metallic elements 
should be protected from tissue fluids, and discon- 
nection should be accomplished by a simple maneu- 
ver that will not require destruction of any of the 
components. Although a universal connector for all 
pacemakers would be a highly desirable feature, this 
cannot be recommended strongly at this time be- 
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cause it would be restrictive in the development of 
new designs and devices. 


Pulse Generator 


Pulse generators are 100 to 200 g discoid or rectan- 
gular packages with rounded edges. Weight and size 
are largely dependent on the power source, which 
usually consists of a battery of four or five individual 
mercury zinc cells. The battery and the electronic 
components are usually potted in epoxy resin which 
provides protection against component movement 
and, to some extent, against body fluids. The outer 
surface of the epoxy pot may be the surface of the 
pulse generator. Alternately the entire unit may be 
covered with silicone rubber or by a titanium or 
stainless steel case. The metallic coverings are de- 
signed to provide protection against electromagnetic 
interference (EMI) and, if hermetically sealed, addi- 
tional protection against the body environment. Al- 
though it has always seemed desirable to encase the 
pulse generator or at least its circuitry in a hermeti- 
cally sealed case, this has only recently become prac- 
tical. 

All currently available pulse generators are well ac- 
cepted by the body, and component materials, in- 
cluding the anode of the pacemaker system, are 
nonallergenic, nontoxic and noncarcinogenic. The 
ideal implant would be a flat package, with rounded: 
smooth edges, as small as possible and with a specific 
gravity the same as that of body tissues. 

Pacemakers are delivered surgically clean and ster- 
ile, ready for implantation. Most physicians have ac- 
cepted the manufacturers' assurance of pacemaker 
sterility and to our knowledge no instances in inade- 
quate sterilization have been reported. If, however, a 
unit is to be resterilized, ethylene oxide gas steriliza- 
tion must be used at temperatures recommended by 
the manufacturer. 

The 2 to 3 year life expectancy of the conventional 
pacemaker has long been recognized as too short, and 
now that most of the early technical problems have 
been partially solved, the overriding consideration is 
improvement of battery life. Although the operation 
to replace a pulse generator is a minor surgical proce- 
dure, many patients have definite psychological resis- 
tance to these repeated reminders of their handicap, 
and the vast majority would welcome a long-acting 
device that will function for 10 or more years. And, of 
course, for younger patients faced with a lifetime of 
pacing, repeated surgical intervention in the same 
area definitely increases the risk of erosion and infec- 
tion. 

The standard power source with which all batteries 
are compared is the Ruben-Mallory mercuric oxide- 
zinc certified cell. To increase the longevity cf the 
standard mercury cell, one must reduce the current 
drain and internal losses which, though variable, con- 
tribute substantially to battery depletion especially 
at body temperature. 

Of the new kinds of cells undergoing clinical evalu- 
ation over the past two years, the most noteworthy is 
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the radioisotope cell, either the !^?promethium (Be- 
tacel?) variety or the ??5plutonium thermoelectric 
power source. More than 1,000 radioisotope pace- 
makers have been implanted throughout the world 
with no known failures. Although there is little doubt 
that nuclear batteries hold great promise, release to 
the publie has been carefully limited. The United 
States Atomic Energy Commission (AEC) and the 
Nuclear Energy Agency, formerly the European Nu- 
clear Energy Agency, consider the human implant 
program to be in the investigational phase, and until 
a decision is made on the environmental impact of 
wide-scale use of radioisotope-powered pacemakers, 
the number of implants will remain limited. In any 
event, the AEC will continue to require complete ac- 
countability and ultimate retrieval of all units. 

At the same time chemical cells of improved de- 
sign, particularly lithium cells, and improved ver- 
sions of the mercury cell especially designed for low 
current drain have been tested. These will most likely 
play an important role in the pacemaker of the future 
if their present performance continues for the pro- 
jected life of the cells. For many years serious efforts 
have been made to develop fuel cells, biogalvanic 
cells and rechargeable batteries. In fact, one re- 
chargeable model with a nickel-cadmium cell is now 
under clinical trial, but there is still no published evi- 
dence tha: it will be rechargeable indefinitely or that 
degeneration of the cell will not occur at body tem- 
perature over a period of 5 years, comparable to the 
average functional life of primary cells now available. 

These developments indicate that long-life bat- 
teries are on the immediate horizon and that as ini- 
tial and clinical validation tests are successfully com- 
pleted, new batteries will become available. In the 
meantime, even with standard cells, improvements in 
electronic design and other modifications of the pac- 
ing system can significantly increase pacemaker life. 


Pacemaker Output 


At first the electrical output of the pacemaker was 
established empirically. The upper limit was deter- 
mined in part by pacemaker size which, in turn, was 
related to the number of cells in the batteries. The 
lower limit of output was not known. The modern 
pulse generator typically contains four or five mercu- 
ry zinc cells in series or series-parallel configuration. 
In an attempt to increase longevity and reduce size, 
the standard pulse generator output has been re- 
duced to a level somewhat closer to the excitation 
threshold of the heart, leaving acceptable margins for 
threshold rise after the first few weeks of implanta- 
tion and for the diminishing voltage toward the end 
of battery life. The stimulating rate also is voltage 
dependen:. Thus, as the battery wears out and volt- 
age drops. the output of the pacemaker is still suffi- 
cient to stimulate the heart but its rate gradually de- 
creases. A sudden rate change of several beats per 
minute may be a signal for replacement (see page 
498, Follow-up Systems). 

The output pulse varies in configuration and dura- 
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tion from model to model, but in general it is a rec- 
tangular “monophasic” waveform 0.5 to 1.7 msec in 
duration.* The range in adjustable units may be 
much greater. A wide range of pulse configuration 
and amplitude has been found acceptable, as long as 


it can be shown that there is no increased risk of ven- . 


tricular fibrillation from inadvertent stimulation of 
the heart during the vulnerable period. There is a 
new and important trend toward using a narrow 
pulse width in pulse generators with standard chemi- 
cal cells, because this modification will decrease the 
current drain without sacrificing pacing efficiency. 
Radioisotope pacemakers are not subject to such con- 
straints because the rate at which their energy is con- 
sumed is not primarily a function of current drain. 

Several pacemakers now on the market have non- 
invasive adjustable output controls. If these controls 
prove reliable and prolong pacemaker life, they will 
be desirable modifications because reduction of pulse 
generator output will extend battery life. A recom- 
mended setting would be about double the chronic 
excitation threshold. Threshold can be assumed to be 
chronic and stable 1 to 2 months after electrode 
placement. 

The rate of implantable pacemakers is set by the 
manufacturer at approximately 70 beats/min. Some 
pacemakers have rate adjustment controls. One such 
control is activated by turning a potentiometer in the 
pacemaker with a special percutaneous needle. An- 
other delivers bursts of magnetic impulses over the 
pacemaker which activate an internal decoder that 
adjusts the rate, or the output, or both, to one of a 
number of predetermined settings. 

Noninvasive programming of rate may be a useful 
development in light of the imminent availability of 
long-life power sources, for with long-term implanta- 
tion optimal rate may vary with changing clinical 
conditions and this will require adjustments in pac- 
ing rate. 

Most pulse generators consist of a stimulating cir- 
cuit and a sensing circuit, both of which draw current 
from the battery. In the presence of complete heart 
block, an asynchronous pulse generator (V00) with 
only a stimulating circuit may be used. As circuit effi- 
ciency of the noncompetitive triggered or inhibitory 
(VVT or VVI) pulse generators increases, the need 
for an asynchronous (V00) unit decreases. 

With available equipment pulse generator life can 
be prolonged by the use of: 

e Small surface area electrodes. 

e Variable output (voltage, current and pulse du- 
ration) pulse generators, adjustable to the 
level required to pace the heart. 

e Asynchronous (V00) pulse generators where 
suitable. 

e Reduced output pulse generators for replace- 
ment of old units. 

e Replacement of pulse generators just before ex- 


* Monophasic is not technically correct, but for purposes of a 
nonengineering publication, it is sufficiently descriptive. 


Octohar 1 1974 Tho Amarican .lniirnal of CARDIO OGY = Valiimoa 24 A01 


` IMPLANTABLE CARDIAC PACEMAKERS—ICHD REPORT 


haustion rather than at an elective predeter- 
mined interval. 


Pacing Modes 


Asynchronous (A00, V00 and D00) pacemakers 
-maintain a constant rate. This may be changed by 

needle control potentiometers or magnetic or encod- 
ed switches, but it is never sensitive to physiologic 
signals. Competition between these pacemakers and 
natural cardiac activity is without hazard except in 
conditions where the threshold for ventricular fibril- 
lation is low, e.g., after myocardial infarction or as a 
result of electrolyte imbalance or drug toxicity. 

The pacemakers most frequently used today, how- 
ever, function in a noncompetitive mode. They are 
especially useful in patients with spontaneous cardiac 
activity because of their ability to sense intrinsic car- 
diac rhythm (atrial or ventricular depending on elec- 
trode position), and to alter the pacemaker output 
accordingly. 

The output of pacemakers operating in the non- 
competitive mode may be either inhibited or 
triggered by the sensed signal. When inhibited, the 
escape interval following a sensed beat may be the 
same as, or different from, that of the interval be- 
tween impulses when the pacer is continuously dis- 
charging. If there is a deliberate difference it is 
known as “rate hysteresis.” In this case the interval 
between an intrinsic beat and a paced beat is longer 
than the interval between two paced beats. This con- 
cept was introduced to allow the heart to slow in 
hopes of retaining the advantage of the atrial trans- 
port mechanism. When pacing does become neces- 
sary it is introduced at a faster rate purportedly to 
compensate for the loss of the atrial contribution. 
Most inhibitory (VVI) pacemakers do not use this 
system and have a rate that is similar to the escape 
interval. Following a pacemaker discharge or an in- 
trinsic beat the sensing circuit is insensitive to anoth- 
er signal during a built-in refractory period; the dura- 
tion is specified by the manufacturer with an approx- 
imate range of 50 to 400* msec. Longer refractory pe- 
riods are required in atrial and particularly coronary 
sinus pacing to avoid sensing the QRS complex. If the 
VVI unit senses an R wave within the interval pro- 
grammed for its basic rate, it recycles without dis- 
charging. Thus an electrocardiogram, taken when the 
cardiac rate is faster than the basic rate of the pulse 
generator, will show no pacemaker artifact. 

A ventricular inhibited (VVI) pulse generator cir- 
cuitry is designed to recognize ventricular depolariza- 
tion and reject extraneous electromagnetic signals 
and P and T waves. Electronic filtering and metallic 
shielding are the principal means for rejecting spuri- 
ous signals. 


* In some units the refractory period after pulse generator dis- 
charge is different from that following a sensed beat. Both refractory 
periods should be specified by the manufacturer. 

tin this situation the Teletronics and Edwards models show a 
small ‘‘tracking’’ pulse of subthreshold intensity which indicates that 
the unit is sensing. This pulse may not be seen or appreciated on a 
standard electrocardiogram. 
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A ventricular triggered pacemaker (VVT) is one in 
which the pacemaker produces an impulse as soon as 
ventricular depolarization is sensed. The impulse 
thus falls in the absolute refractory period of the 
myocardium and produces an artifact in the cardio- 
gram but no cardiac response. The pacemaker, al- 
though it discharges with each spontaneous beat, 
captures the myocardium only when the intrinsic car- 
diac rate slows below the basic rate of the pulse gen- 
erator. Although it discharges continuously, in effect 
it paces only when needed and, therefore, is noncom- 
petitive. Extraneous electromagnetic interference 
will not inhibit this unit. An increase in rate may 
occur but dangerous tachycardias are prevented by 
internal blocking mechanisms of the electronic cir- 
cuitry (2:1, 3:1, etc.) which are related to the duration 
of the pacemaker refractory period. 

The sensing circuit of most pulse generators can be 
deactivated by application of an external magnet 
over the unit. The “magnet rate" is the most reliable 
parameter for detecting impending pacemaker fail- 
ure. The anticipated rate change associated with 
drop in battery voltage is specified by each manufac- 
turer based on the “magnet rate." This maneuver 
also allows the physician to check for capture when 
any inhibitory unit is silent because of an intrinsic 
cardiac rate faster than its basic rate. The same ma- 
neuver separates the paced beats from the intrinsic 
complexes in triggered units, allowing the physician 
to look for evidence of myocardial infarction or any 
other change that is masked by distortion of the elec- 
trocardiogram by the electrical impulse. 

The technique of external or indirect overdrive— 
or stimulation of the pulse generator through the in- 
tact chest wall—may also be used to check the sens- 
ing function of a pulse generator. The applied pulses 
shut down an inhibitory unit for inspection of the in- 
trinsic cardiac complexes when the pulses are faster 
than the pacemaker's basic rate, and they increase 
the rate of a triggered unit. 

If a noncompetitive inhibitory (VVI) or triggered 
(VV'T) pacemaker fails to sense the intracardiac sig- 
nal, this may indicate battery or electronic failure, 
malposition of the electrode, or an inadequate signal. 

In atrial synchronized (or A-V synchronous) pac- 
ing (VAT) atrial depolarization is sensed through one 
electrode, and after an appropriate delay the ventri- 
cle is paced through a separate electrode, thereby re- 
storing the normal sequence of atrial and ventricular 
contraction and allowing the pacer to respond to 
physiologic needs by increasing its rate. Below a pre- 
determined minimal atrial rate, however, the pace- 
maker will revert to its basic rate. At certain rapid 
atrial rates the unit will operate at a fraction of that 
rate determined by its refractory period. The pace- 
maker rate will then be one-half the atrial rate or 
some smaller fraction to maintain a safe ventricular 
rate. This sudden change in ventricular rate may pro- 
duce symptoms in some patients. The ventricular 
electrode serves no sensing function. The occurrence 
of ventricular or atrial arrhythmias may produce 
complex and bizarre electrocardiographic patterns. 
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Although this pacing mode may be physiologic it has 
problems in coping with atrial or ventricular arrhyth- 
mias and has a short battery life. 

A more complex method of restoring A-V synch- 
rony is by atrioventricular sequential pacing (DVI). 


This requires two bipolar electrodes, one in the atri- - 


um and one in the ventricle, which pace the atria and 
ventricles in proper sequence. Only ventricular activ- 
ity is sensed. Should spontaneous ventricular activity 
occur, the output of the pulse generator will be inhib- 
ited. While atrial synchronous (VAT) pacing is in- 
tended to satisfy the natural demands of the body 
with an intact sinus mechanism, atrial ventricular se- 
quential bifocal demand (DVI) pacing is useful in in- 
dividuals with slow or absent atrial activity and in 
patients with borderline cardiac output where there 
Is a more pressing need for atrial transport. 

The major problem inherent in both atrial syn- 
chronous (VAT) and A-V sequential (DVI) systems 
is the need for an atrial electrode. Atrial electrodes 
are more difficult to insert and position than ventric- 
ular electrodes and they are much more likely to dis- 
lodge. When queried about the usefulness of these 
systems, most physicians indicated that although 
they appreciate the importance of the atrial compo- 
nent of cardiac output and the desirability of normal 
A-V sequence, they use these units only on rare occa- 
sions. Should a satisfactory atrial electrode be devel- 
oped, the usefulness and applicability of permanent 
atrial synchronous (VAT) or A-V sequential (DVI) 
pacing would be of greater interest to them. With a 
good electrode permanent atrial pacing whether 
through the atrium, its appendage or the coronary 
sinus would also become much more popular for pa- 
tients without A-V block. Pacing of the atrium 
through the coronary sinus has been used in a limited 
number of patients with some success, but as yet 
there is inadequate clinical information to evaluate 
this technique. 


End of Pacemaker Life Behavior 


It is essential to be able to detect signs of impend- 
ing battery exhaustion to allow elective replacement 
of a failing pulse generator. All manufacturers have 
recognized this problem and have designed circuits in 
a way that decreasing battery voltage is associated 
with a detectable change, usually slowing, of the 
pacemaker rate.* Pacemakers that do not show this 
characteristic change should be discontinued unless 
there is some other unmistakable sign of impending 
battery exhaustion. Where other signs do exist, such 
as a clinically obvious loss of sensing function or a 
change in the electrical impulse wave shape, manu- 
facturers must so advise the physician. 

A few pulse generators have been designed with 
special features that allow observers to determine the 
margin between output and cardiac excitation 
threshold. This has been accomplished noninvasively 


* Exceptions are Medtronic units no. 5942, 5943, 5842, and 5843 
but even these will show pre-failure rate change if the interval is 
counted to an accuracy of a few milliseconds. 
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by devices that reduce the pulse generator output 
until cessation of capture! or activate the pulse gen- 
erator to reduce its output by small decrements until 
threshold is determined.! In another system the unit 
will automatically and continuously reduce its output 
for one out of five beats to indicate that output re- . 
mains safely above threshold.’ In each instance the 
long-range output of the pulse generator remains 
high so that pacemaker longevity is not increased. 
Pacemakers of these varieties have not achieved gen- 
eral popularity probably because of their complexity. 
By contrast, those units that allow noninvasive re- 
duction of output can be maintained safely above 
threshold but well below maximal output, and pace- 
maker longevity is prolonged. 

Because battery voltage and pulse generator out- 
put remain relatively constant in mercury zinc cell 
pacemakers under most conditions of use, output and 
threshold do not approach each other until failure is 
imminent and has already been signaled by a chang- 
ing rate. 


Electromagnetic Interference (EMI) 


The problem of EMI arose with the development 
of sensing circuits devised to correct the problem of 
competition associated with V00 pacemakers. It was 
soon apparent that a noncompetitive pacemaker with 
a sensing circuit would sense not only the intrinsic 
electrical activity of the heart but also EMI from 
other sources, either extrinsic—environmental—or 
intrinsic, from skeletal muscle potentials. 

At first the problem was confined to potentially 
dangerous inhibition of the inhibitory pulse genera- 
tor (VVI) by extrinsic EMI such as that produced by 
automobile ignition systems, small electric motors, 
etc. Though rare, the phenomenon occurred more 
readily in unipolar than bipolar pacemakers because 
of the larger area between the electrodes which be- 
haves as an antenna for EMI signals. It had been 
thought that the shielding effect of the body would 
be enough to protect at least the bipolar system from 
such interference but it was soon apparent that both 
types were vulnerable. Remedial design changes in- 
cluded shielding, filtration of extraneous signals and 
provision of a “noise rate" or interference mode, in 
which the pulse generator reverted to a fixed rate— 
often different from the basic rate—in the presence 
of strong EMI fields. This last system preserves pac- 
ing despite EMI effects. An alternative method 
(VV'T) was also developed in which the pulse genera- 
tor would trigger to fire after sensing an R wave or 
other incoming signal up to a safe maximal rate and 
inhibition could not occur. These improved versions 
constitute what might be called the second genera- 
tion of sensing pacemakers. 

As protection against EMI increased so, it seemed, 


' General Electric (outdated model) the Vitatron (those units with T 
suffix, Netherlands). 

* The Vario pacemaker (Elema, Sweden). 

* Cyclic pacemaker (ELA, France). 
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did the variety, strength and sources of EMI. The ad- 
vent of the microwave oven posed a potentially new 
threat that was successfully met by a combination of 
improvements in pacemaker design and regulatory 
agency restrictions of allowable emissions from such 
. ovens. A third generation of sensing pacemaker de- 
sign included the development of shielding of the 
pulse generator with a metallic can of either titanium 
or stainless steel, a modification that now has been 
adopted by almost all manufacturers. 

The development of the active magnetometer for 
use as a weapons detector in anti-hijacking proce- 
dures appeared to be still another potential threat. A 
series of studies, however, both in vitro and in vivo, 
demonstrated that these detection devices do not 
constitute any hazard to the pacemaker patient. 

There is some evidence that extrinsic EMI from 
powerful sources such as radar, television and radio 
transmitters may, under certain circumstances, affect 
pacemakers causing inhibition of some and limited 
acceleration of others. Fortunately, this does not rep- 
resent a significant clinical problem because it is al- 
most impossible for a patient to find himself in front 
of such beams, which usually come from tops of tow- 
ers and are often intermittent and produce only mo- 
mentary exposure. Very few instances of this type of 
exposure have been reported. In our experience, in- 
volving some 2,200 patients and approximately 6,000 
pacemakers, there have been only 10 documented 
cases of implanted pacemakers affected by extrinsic 
EMI, none of them serious and none fatal. Four oc- 
curred in pacemakers now obsolete, the others under 
controlled conditions during a clinical study. 

A word of caution is in order, however, concerning 
the use of electrocautery and direct-current defibril- 
lation. Electrocautery may cause inhibition if used 
within a few inches of an inhibitory (VVI) pulse gen- 
erator. Therefore, both cautery and the ground plate 
should be located as far from the pulse generator as 
possible. Patients with inhibitory (VVI) units should 
be monitored both by electrocardiogram and some 
technique that will record in the presence of EMI, 
such as palpation of the peripheral pulse or the use of 
a digital plethysmograph. Alternatively, a magnet 
may be placed over the pulse generator to convert it 
temporarily to a fixed-rate unit during the procedure. 
Although relatively resistant to direct-current defi- 
brillation shock, the pulse generator conceivably may 
be damaged during a defibrillation procedure, so 
paddles should be positioned as far from the unit as 
feasible. Electroconvulsive therapy presents no haz- 
ard because the electrodes are remote from the pace- 
maker. 

Inhibition of the pacemaker by electrical poten- 
tials of skeletal muscles in contact with the pulse 
generator has been reported. Muscle potentials that 
equal or exceed the sensitivity levels of many sensing 
pulse generators—2 mv and above—have been mea- 
sured in some patients. Under test conditions such 
inhibition has been produced in 30 to 85 percent of 
unipolar pulse generators, whether metal encased or 


with a single anode plate or both. As a practical mat- 
ter, however, intrinsic EMI has been identified as a 
clinical problem in very few patients. ' 

Physicians should be aware of the possible sources 
of EMI and of its significance but their general atti- 
tude toward patients should be one of reassurance, 
with stress on the safety of the pacemaker and its re- 
sistance to EMI. Manufacturers must continue to im- 
prove shielding, filtration and discrimination of pace- 
maker circuitry but they should not be pushed to the 
point of producing units that are resistant to unim- 
portant EMI at the cost of clinically important sensi- 
tivity and versatility. 

In conclusion, extrinsic and intrinsic EMI does not 
at this time constitute a significant clinical problem 
for patients with implanted noncompetitive pace- 
makers. Physicians, manufacturers and government 
regulatory agencies must be aware of and responsive 
to those rare patients at risk of potential EMI haz- 
ards (e.g., occupational exposure) in this rapidly 
changing technological environment. 


Electrocardiographic Interpretation 


A variety of electrocardiographic waveforms are 
produced by pacemakers, and it is essential that phy- 
sicians treating pacemaker patients be able to identi- 
fy them and understand their significance. 

The electrocardiographic artifact produced by the 
pacemaker impulse is small in amplitude in the bipo- 
lar system, and many times larger in the unipolar sys- 
tem. In a conventional ventricular pacing system it 
occurs at the onset of the QRS complex while in atri- 
al pacing it will coincide with or precede the P wave. 
Both ventricular and atrial artifacts may be present 
in A- V sequential (DVI) systems while the inhibitory 
(VVI) pacemaker, when in its inhibited mode, leaves 
the QRS complex unaffected despite the fact that in 
at least two models* a small tracking pulse of sub- 
threshold intensity is emitted which indicates that 
the unit is sensing. Although the tiny tracking pulse 
is indeed triggered in these units, the stimulating im- 
pulse is inhibited, so the units are properly classified 
as inhibitory (VVI) rather than triggered (VV'T). 

The inhibitory (VVI) pacemaker may show a vari- 
able rate depending on the presence or absence of a 
hysteresis mode. Although most noncompetitive 
pacemakers do not incorporate this feature it is im- 
portant to recognize that it may be present and that 
it does not constitute malfunction. 

It is also important to know the pacemaker's re- 
fractory period because the inability of the pacemak- 
er to sense a premature ventricular contraction oc- 
curring within its refractory period is a normal func- 
tion and should not be misinterpreted as malfunc- 
tion. A problem may arise when the heart produces 
an inadequate QRS signal or the pacemaker fails to 
sense an adequate signal. 

Ventricular pacemakers at times may sense P or T 
waves. In other cases, retrograde conduction may 


* Telectronics and Edwards. 


494 October 1, 1974 The American Journal of CARDIOLOGY Volume 34 


occur with the production of an intrinsic beat shortly 
after a paced beat, causing continuous coupling or bi- 


geminy. Although the patient may have a slow pulse 


because the second beat is too weak to be felt at his 
wrist, the pacemaker is in fact functioning normally. 


Pacemakers may also produce a variety of fusion. 


beats, which in sensing units may be caused by mal- 


function, or during normal function when there is si-- 


- multaneous ventricular activation from the artificial 
pacer and an intrinsic focus. Pseudofusion occurs 
regularly in ventricular triggered (VV'T) pacemakers 
when contractions are spontaneous, actually derived 
from only an intrinsic focus, but the QRS is distorted 
by the triggered pacemaker impulse. It may also oc- 
casionally be seen in the presence of an inhibitory 
(VVI) pacemaker when the basic rate of the heart 
and the pacemaker are isorhythmic. 

Not only must physicians be able to differentiate 
between normal and abnormal pacemaker function, 
they must also understand that remedies other than 
complete replacement of an apparently malfunction- 
ing system are available. The inadequate sensing of a 
bipolar system may be corrected, for example, by 
conversion to a unipolar system. On the other hand, 
when retrograde conduction and resulting bigeminy 
have produced an ineffective heart rate, it may be 
necessary to replace a normally functioning pace- 
maker with a unit with a different pacing mode such 
as one with an adjustable rate or an atrial ventricular 
unit (DVI or DAT). 

As can be readily appreciated interpretation of the 
electrocardiogram after pacemaker implantation is 
something of a specialized skill. Conventional elec- 
trocardiographic interpretation is an important pre- 
requisite but does not guarantee correct analysis of 
the pacemaker electrocardiogram. Satisfactory inter- 
pretation depends on an understanding of the vari- 
ous functional modes of pacemakers now in use. 
Without this background differentiation of normal 
from abnormal pacemaker function is impossible. 


V. Hospital Resources for Pacemaker 
Implantation 


In the early days of permanent cardiac pacing, 
when implantation required .thoracotomy, lines of 
professional responsibility were clearly drawn and a 
thoracic surgeon usually performed the implantation 
operation. With the development of the transvenous 
approach, now preferred by 90 percent of physicians, 
responsibility for pacemaker implantation entered a 
gray area. Although most implantations continued to 
be performed by surgeons—thoracic and general— 
the procedure's simplicity, and perhaps unfamiliarity 
. with fluoroscopically guided catheter manipulation, 
has caused some surgeons to lose interest in the oper- 
ation. As a result, responsibility for implantation is 
sometimes divided between cardiologist and surgeon. 
Unfortunately, the entire procedure may be per- 
formed by a cardiologist skilled with catheter tech- 
niques but surgically inexperienced or by an experi- 
enced surgeon with inadequate knowledge of catheter 
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techniques. Even worse, implantation may be dele- 
gated to a junior house officer with little knowledge 
of the procedure. In all these instances, confusion 
reigns and this is often reflected in the results. 
Fluoroscopy with image intensification and televi- 
sion visualization is required for satisfactory implan- . 
tation and this creates additional difficulties. This 
equipment is seldom found in a standard operating 
room, and the risks of contamination are consider- — 
able when attempts are made to convert rooms in the 


radiology department or a cardiac laboratory into a — - 


temporary sterile operating room. 

To assure both patient safety and quality of physi- 
cian performance, the following guidelines for pace- 
maker implantation are recommended: 


Case Load 


While most acute care hospitals have the potential, 
if not the actual facilities, for the permanent implan- 
tation of cardiac pacemakers, this service should be 
undertaken only if the resources for quality and safe 
performance are available and there is a case load 
sufficient to support an adequate program. When 
these requirements cannot be met, it is preferable to 
have implantation procedures assigned to one insti- 
tution which can develop the necessary staff, facili- 
ties and case load. Through cooperative sharing ar- 
rangements, this hospital can then serve the profes- 
sional staff, patient population and teaching needs of 
all affiliated hospitals. 

To maintain an adequate level of skill and techni- 
cal competence, the operating physician and the hos- | 
pital support team should perform 25 or more new 
pacemaker implants per year. With time, an equal 


number of pulse generator replacements will also be — 


performed. 


Professional Staff 


In addition to the physician performing the opera- 
tion, there should be at least one other professional 
(e.g., nurse, technician) trained in the management of 
complications and cardiac emergencies in the proce- 
dure room during every implantation. The physician 
in charge should be expert in all relevant areas of car- 
diology and surgery, including the mechanical and 
engineering aspects of pacemaker technology, pace- 
maker electrocardiography, surgical and cardiac 
catheterization techniques, the safe and appropriate 
use of radiologic equipment, management of compli- 
cations and emergencies that may occur during im- 
plantation, and appropriate immediate postoperative 
care. One physician may possess all of these attrib- 
utes, or they may be shared by a team consisting of a 
surgeon and a cardiologist or internist with postgrad- 
uate training in pacemaker cardiology. One physi- 
cian, however, should have overall primary responsi- 
bility for the procedure and provide coverage for pa- 
tient and related problems at all times. 

The hospital's credentials committee should re- 
quire documentation of a physician's training and ca- 
pability to implant pacemakers and it should clearly 
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and specifically delineate each practitioner's clinical 
privileges upon both initial appointment and reap- 
pointment. Adequate training for pacemaker implan- 
tation requires participation in an active program 
where, under proper supervision, the physician per- 
. sonally performs these procedures. Minimal experi- 
ence should include at least 20 new implants, an 
equal number of replacements, and insertion of 25 
temporary pacemakers under supervisory physician 
guidance. This training can be obtained either by as- 
sociation with a center of recognized competence or 
by on-the-job training under the guidance of a physi- 
cian experienced with pacemaker implantations. 

An anesthesiologist or anesthetist will be required 

in the event that general anesthesia is used for either 
— transvenous or transthoracic implantations. 
A specially trained registered nurse or technician 
who works regularly with the operating physician 
should supervise preparation of the room and assist 
with the procedures. Task-oriented training is more 
important than professional title and should include 
knowledge of appropriate aspects of cardiac tech- 
nique, a working understanding of the specialized 
equipment, supplies and devices required for these 
procedures, and a thorough grounding in sterile tech- 
nique. He or she should also be able to assist with the 
management of all complications and emergencies, be 
responsible for seeing that necessary equipment is al- 
ways available and maintain careful records of pace- 
making equipment with the addresses of manufactur- 
ers and distributors readily at hand. 

Much pacemaker equipment is “perishable”; care- 
ful attention, therefore, must be paid to its age. Tem- 
porary pacemakers, for example, may require battery 
replacement while still functioning within their nor- 
mal range. All equipment should be subjected to pe- 
riodic preventive maintenance to ascertain integrity 
of connectors, cases and electronic function. Except 
for nuclear- and lithium-powered units, permanent 
implanted pulse generators all have a “use before" 
date, and outdated models should be returned. In an 
active program such comprehensive recordkeeping 
may require additional clerical assistance. 

A bioengineering technician trained in all aspects 
of electrical hazard control and equipment mainte- 
nance and repair should design and supervise a pro- 
gram of preventive maintenance for the procedure 
room, to include regular surveillance of medical de- 
vices for safety and efficacy and of the electrical envi- 
ronment for shock hazard. If a bioengineering techni- 
cian is not available on the hospital staff, appropriate 
consultative arrangements should be made. 


Procedure Room 


Location: Optimally transvenous pacemaker im- 
plantations and pulse generator replacements should 
be performed in an appropriately equipped (see 
below) room that meets the clean environment speci- 
fications of an operating room. It should be located to 
obviate the need for transporting support staff and 
sterile supplies from other areas of the hospital and 
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to provide for immediate back-up replacements in 
the event of equipment breakdown or materials con- 
tamination during a procedure. In many institutions 
the preferable location will be an operating room ad- 
jacent to the general surgical suite. Operating time 
not used for pacemaker implantation should be allo- - 
cated to “clean” surgical cases. Transthoracic pace- 
maker insertions should always be carried out in an 
operating room. 

In many hospitals transvenous implantations and 
pulse generator replacements are performed in areas 
that do not meet the standards for an operating room 
environment. This practice is not desirable and it 
should be discouraged in planning new and in rede- 
signing existing facilities. Where it exists, every effort 
must be made to maintain strict aseptic technique 
during the procedure and to adequately clean and 
prepare the room between cases. 

Size: A room should be approximately 20 by 20 
feet with an additional 10 by 10 foot area available 
for storage of spare electrodes and leads, pacemakers, 
monitors and other essential equipment. 

Electrical safety precautions: Precautions must 
be taken to avoid electric shock by a pacemaker elec- 
trode. The room and equipment should be periodical- 
ly inspected and tested for electrical safety and ap- 
propriate grounding at least every 12 months and, 
when the room is in constant use, at least every 3 to 4 
months, preferably more frequently. Leads and ter- 
minals of temporary pacemakers should be adequate- 
ly insulated and no monitoring electrode or other pa- 
tient attachment should serve either as a source or a 
sink for electric current. Patients should be protected : 
from contact with uninsulated metal parts of the op- 
erating table by a plastic sheet or similar waterproof 
insulating material. 


Equipment 

Standard equipment should include: 

e Fluoroscope with image intensifier (preferably 

9-inch) with facilities for anteroposterior and, 

if possible, lateral projections. 
Television viewing system. 
Electrocardiograph with oscilloscope. 

e Equipment for determining pacing thresholds 

and endocardial signals. 

e Standard surgical instruments, suture materials 

and intravenous fluids. 

Enough extra pacemaker stock, including repair 
kits should be available so that vital equipment (e.g., 
pulse generators, electrodes) contaminated or dam- 
aged during the implantation procedure can be im- 
mediately replaced. A variety of pulse generators, 
such as units of higher sensitivity or variable rate, . 
should be on hand to increase replacement options. 
These should be back-up equipment for the eventu- 
ality of malfunction. The amount of spare materials 
depends on how vital a device is and how unavailable 
it may be when needed. No matter how rapid the re- 
sponse of a repairman, a back-up defibrillator, exter- 
nal pacemaker and electrocardiograph should always 
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be at hand. The majority of defects in support equip- 
ment are minor and often related to accessories such 
as patient cables and defibrillator paddles. Spare ac- 
cessories are essential. 

Emergency equipment available within the room 
whenever a procedure is performed should include: 

e Airway suction apparatus. 

e Cardiac emergency drugs. 

Direct-current defibrillator-cardioverter. 

Mechanical hand ventilator. 

Endotracheal and oral airways. 

External pacemaker(s) for internal and transcu- 
taneous pacing. 

« Oxygen. / 

All monitoring equipment should withstand defi- 
brillation procedures and return to normal operation 
within a few seconds following a defibrillator dis- 
charge. 


Records 
The hospital should be able to immediately pro- 

vide the following information on all pacemaker pa- 

tients: 
e Patient’s name, address and telephone number. 
e Description of primary cardiac rhythm distur- 
bance including the indication for pacemaker 
implantation. 

Date of implantation. 

e Serial and model number of pulse generator and 
lead system. 

Pacing thresholds at implantation and time of 
pulse generator replacement. 

Follow-up information (see below) if the hospital 
has a program for patient follow-up care. 


Immediate Postimplantation Surveillance 


Following transthoracic implantation, the patient 
should be sent to the postoperative recovery room 
until the effects of operative anesthesia and sedation 
have subsided. For both transthoracic and transven- 
ous techniques the intensity and duration of postop- 
erative cardiac monitoring cannot be delineated pre- 
cisely because recommendations range from continu- 
ous monitoring for 48 hours, to no monitoring at all. 
'The reason for this lack of consensus is that risk to 
the patient and his requirements during this period 
are highly variable depending, as they do, upon the 
preexisting cardiac rhythm, experience and reliabili- 
ty of the operating team and the extent to which the 
patient is pacemaker dependent. 

At a minimum, there should be daily evaluation of 
pacemaker function by either electrocardiographic or 
oscilloscopic monitoring. When automatic monitor- 
ing systems are used there is the danger that loss of 
capture may not be detected because the monitor 
reads the pacemaker stimulus and interprets it as a 
QRS complex even in the absence of capture. There- 
fore, professional interpretation of the trace is essen- 
tial. The hospital should be prepared to perform in- 
tensive oscilloscopic electrocardiographic monitoring 
and must have the professional personnel to inter- 
pret the oscilloscopic trace on a 24 hour basis. 


IMPLANTABLE CARDIAC PACEMAKERS-—ICHO REPORT e 


Postoperative overpenetrated posteroanterior and 
lateral chest X-ray films should be taken prior to dis- 
charge from the hospital to confirm proper electrode 
position and to serve as a base line for subsequent 
clinical evaluations. The lateral view is particularly 
important to assure that the electrode is not inadver-. 


tently positioned in one of the cardiac veins. A com- `- 


plete test of pacemaker function should be carried 
out before discharge from the hospital to initiate the 
follow-up program. 

For primary implants length of hospital stay js 
usually 1 week. Hospitalization for pulse generator 
replacement can be accomplished in a shorter period 
of time since the electrode is stable and requirements 
for cardiac monitoring are less stringent. 


Quality Controls 


The rate of complications during the immediate - 


postoperative period after transvenous pacemaker 
implantation has been reported as high as 35 percent. 


In institutions acknowledged to be expert, early com- 


plications tend to occur in fewer than 5 percent of pa- 
tients. These include such problems as electrode dis- 
placement, myocardial perforation and wound infec- 
tion. The hospital audit committee should monitor 
complications, and when these regularly exceed 5 
percent, the team's performance should be scrutin- 
ized. 


VI. Guidelines for Follow-up Surveillance of 
Pacemaker Patients 


There are two important aspects of long-term care 
of patients with implanted pacemakers. Clinical fol- 
low-up involves complete evaluation of the patient as 
an individual and is generally the responsibility of 
the referring physician. Technical follow-up, con- 
cerned with pacemaker function and detection of im- 
pending pacemaker failure, should be the responsi- 
bility of a physician with extensive pacemaker expe- 
rience. Follow-up surveillance should include: 

e A program for pacemaker replacement and a 

system for its implementation (see below). 

e Complete instructions for every patient, prefer- 
ably written. They should include information 
about suitable physical and social activities, 
the frequency and nature of postoperative vis- 
its and a procedure for obtaining medical care 
in emergency situations. The patient should 
be given an identification card to carry with 
him at all times; it should show, as a mini- 
mum, the date of implantation and the type of 
pulse generator and electrode used, and the 
name, address and telephone number of the 
responsible physician. 

« Regularly scheduled follow-up appointments. 
The frequency with which a patient receives 
follow-up examinations will depend upon the 
type of surveillance system utilized, the com- 
plication rate and anticipated longevity of the 
specific pacemaker used, the age and medical 
condition of the patient and other variable so- 
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cial and geographic factors. Optimally pa- 
tients should be seen within 1 month after dis- 
charge from the hospital to detect early prob- 
lems, at least three times during the first year 
and approximately every 2 months thereafter 
until one approaches the anticipated end-of- 
life of the pacemaker. With standard output 
units, this will be 24 months and with low out- 
put pacemakers, 36 months. Approximately 6 
months before anticipated end-of-life, the pa- 
tient should begin to receive closer surveil- 
lance either with monthly visits, weekly trans- 
telephone monitoring, or a suitable combina- 
tion of both. 

« Record of pacemaker function. The important 
parameters (see below) that have been select- 
ed for measurement of pacemaker function 
should be recorded in an easily retrievable 
form so that all individuals responsible for fol- 
low-up have ready access to the information. 


Follow-up Systems 


Patients are most easily evaluated by the simple 
method of taking a standard electrocardiogram for 
evidence of capture, sensing and rate determination. 
Better methods of surveillance are available, particu- 
larly techniques for measuring pacemaker rate. 

Declining rate has been almost uniformly accepted 
as evidence of battery end-of-life, and rate measure- 
ment is an essential feature of any check of pacemak- 
er function. This may be done with a standard elec- 
trocardiographic machine in a physician's office, al- 
though one must be aware that changes in paper 
speed may account for variation in rate of several 
beats per minute. The most accurate method of rate 
counting is by electronic counter. 

Both of the popular remote surveillance methods 
utilize pacemaker rate. In the simpler system, the 
electrical output of the pacemaker is converted into 
audible tones that are transmitted to the parent cen- 
ter over the telephone. The patient applies a magnet 
over the pacemaker thus converting it to the asyn- 
 chronous (“magnet”) rate. The 15 or 30 seconds of 
competition produced by this technique have not 
caused any clinical problems. The other system in- 
corporates simultaneous transmission of the electro- 
cardiogram for positive recognition of ventricular 
capture and sensing function of the pulse generator. 

The more elaborate and slightly more accurate 
method is electronic waveform analysis* at the hospi- 
tal or physician's office, optimally combined with 


* Waveform analysis involves measurement of the dimensions of 
the amplified electrical output of the pulse generator. The output is 
displayed on an oscilloscope and photographed. The patient attach- 
ment is simply a standard electrocardiographic cable and any lead 
(but always the same one on any patient) may be used. All wave- 
form measurements are compared to previous values, particularly 
with respect to the rate (intervals), impulse duration, amplitude and 
configuration. An electrocardiographic rhythm strip is taken for anal- 
ysis of the integrity of pacing sensing function. 

In addition to waveform analysis, the response of the implantable 
pulse generator to an externally applied electrical signal (chest wall 
stimulation or external overdrive) can be studied. 
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transtelephone monitoring. Waveform analysis re- 
quires a special facility where pulse generator output 
can be amplified and analyzed with respect to shape, 
amplitude and duration. A full analysis of the electri- 
cal output of the pacemaker permits greater precision 
in diagnosis because not every change of pacemaker 
rate is related to battery exhaustion. . 

The surveillance svstem used may vary depending 
on patient load, geographic location, medical practice 
patterns and personal preference. Patients who are 
unable to adhere to a schedule of regular office visits 
may be followed up by transtelephone monitoring 
combined with less frequent physician examinations 
or, in some instances, only by transtelephone moni- 
toring for considerable periods of time. These deci- 
sions involve medical judgments that must be made 
on an individual basis by a physician experienced in 
pacemaker follow-up care. 

Whatever the pattern of surveillance, the charac- 
teristics of the pacemaker must be known so that the 
various functions of that unit may be properly tested. 
For example, a magnet is used to check the basic rate 
of the pulse generator; external or indirect overdrive 
increases the rate of a triggered (VVT) pulse genera- 
tor and allows a check of its sensing and rate-block- 
ing function; or it inhibits a VVI pacemaker so that 
its sensing circuit is checked and the underlying car- 
diac mechanism observed. The more complex pace- 


' makers in which output can be programmed nonin- 


vasively will provide mechanisms for a rough check of 
the stimulation threshold at which pacing can be 
maintained. 

If wire fracture is suspected, X-ray films in various 
projections with overpenetrated technique may re- 
veal the site of the fracture, but at times fractures 
cannot be seen. Waveform analysis, when available, 
may be used to diagnose or confirm wire fracture or 
insulation break, but may not locate the site of dis- 
ruption. X-ray films of batteries or of the pulse gen- 
erator in vivo are of no value as an index of function 
or impending end of life. Special devices are provided 
by some pacemaker manufacturers to suppress out- 
put to the point at which the threshold is revealed. 
Although these devices may, on occasion, be useful, 
they do not measure battery function directly. 

Replacement of the pulse generator solely on the 
basis of its age can no longer be considered optimal 
care. 


Vil. Recommendations to Manufacturers 


Two domestic manufacturers supply 80 percent of 
the American pacemaker market with the remaining 
20 percent supplied by five other domestic and four 
foreign companies. In general, manufacturers have 
lived up to their implied responsibilities with high 
quality products and with adequate data for physi- 
cians, describing pacemaker function, end-of-life 
modes, potential complications and anticipated pace- 
maker life. Although there have been manufacturer 
recalls, either by general public announcements or by 
direct contact with major users, their rarity is a mea- 
sure of the overall excellence of most pacemakers. 
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One of the recurrent problems in the area of manu- 
facturing has been early unwarranted optimism re- 
garding the longevity of power sources and the dura- 
bility of components. As pulse generator design in- 
creases in versatility and complexity, problems of 
malfunction continue to occur. Manufacturers must 
recognize that the ultimate objective for reliability of 
J components is to have failures reduced to an absolute 
minimum. 

For the physician interested in the reasons for 
pulse generator failure, manufacturers generally pro- 
vide little useful information when the device is re- 
turned to them for analysis. Although some physi- 
cians may not be particularly interested, this infor- 
mation should be made available to them. They, in 
turn, have an obligation to see that malfunctioning 
pacemakers are returned to the manufacturer. 

If a pacemaker fails within the time guaranteed by 
the manufacturer, the patient or the insurer will re- 
ceive a refund from the same company. A method 
should be developed for return of all pacemakers to 
the manufacturer even if removed after the warranty 
period. Only in this way will manufacturers and the 
publie acquire satisfactory information on failure 
modes. Manufacturers should develop procedures to 
simplify pacemaker retrieval. Retrieval after death is 
especially important to rule out the possibility of 
pacemaker malfunction. 

Manufacturers have a responsibility for providing 
evidence of adequate premarket testing before releas- 
ing any new design for general clinical use. They 
should provide the following information with each 
pacemaker: 

e Physical characteristics of pulse generator. 
Weight, volume, dimensions and configura- 
tion. 
Area of anode (in unipolar pacers). 
e Electrodes, leads and connectors. 
Dimensions (electrode area and length and di- 
ameter of lead). 
Materials used. 
Resistance of the lead and electrode. 
Range of anticipated acute pacing thresholds. 
Suggested management of lead fracture. 
Management of connectors. 

Common mishaps. 

Interchange of one system with another and 
information on any possible incompati- 
bilities. 

Methods for converting from a bipolar to a 
unipolar system, if applicable 

e Output data (at room temperature). 

Wave shape, duration—open circuit and iden- 
tified load. 

Effects of load and temperature. 

Range and tolerance if output is adjustable. 

Special features (i.e., hysteresis, tracking, 
pulse, etc.). 

Rate and tolerances. If rate adjustable, ranges 
and tolerance. 

Anticipated failure modes (end-of-life data). 

Warranty data. 
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Special precautions. 
Response of pacer to EMI. 
Response to defibrillation current. 
e Sensing function 
Refractory period(s). 
Sensitivity (state test signal used). 3 
Special responses (triggering, inhibition, etc.). 
Response to external magnet. 
e Packaging. 
Sterility indicator. 
Instructions for resterilization. 
Inspection card. 
Identification number. 
Date of manufacture. 
“Do not use after” date. 
Output voltage, current, waveform and rate. 
EMI response. 
Patient I.D. card. 
e Certification of final inspection (for all major 
components). 


Vill. Regulatory Agencies 


The question of a Medical Device Safety Act is a 
vital concern to patients, physicians, manufacturers 
and legislators. In considering such legislation, there 
is obviously a delicate balance between consumer 
protection and prompt delivery to the public of new 
lifesaving devices. The modern pacemaker has, in un- 
impeded and unregulated fashion, come to be a high- 
ly reliable, safe, compact and even beautiful device 
that meets reasonable criteria for safety and excel- 
lence; it has extended and improved the lives of 
120,000 to 150,000 patients—a development that cer- 
tainly attests to the high standards of the manufac- 
turers and physicians. How might strict regulation 
have affected the pace of new developments? 

It is clear that pacemakers, both external and im- 
plantable, will soon come under some form of govern- 
mental surveillance and control. The authority to 
regulate will certainly be associated with greater con- 
trol over design, manufacture and quality standards. 
Regulatory agencies must strive not to stifle progress 
in pacemaker research or application through exces- 
sive rigidity or conservatism; the well-being and safe- 
ty of the patient must remain the principal criteria 
for decision making. Regulatory agencies should as- 
sume an active role in assisting the professional and 
manufacturing communities when they deal with 
other governmental agencies. For example, in the 
case of the microwave oven, regulatory agency con- 
trol of electromagnetic emission has been helpful in 
protecting the pacemaker patient. Where this cannot 
be done, as in the case of high energy radar in defense 
installations, there should be appropriate restriction 
of access, and warnings should be posted. 

With this in mind, several regulatory and advisory 
boards such as the Food and Drug Administration, 
the American National Standards Institute and the 
Association for the Advancement of Medical Instru- 
mentation seem to be reaching a reasonable balance, 
a risk-benefit ratio, that may provide consumer pro- 
tection without delaying important new develop- 
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- ment. Industry has already. accepted premarket pro- 
tocol for the study of new devices and it is hoped that 
a satisfactory procedure will soon be developed that 
is agreeable to the Food and Drug Administration. 


IX. Insurance Carriers 


The cost of a pacemaker ranges from $800 to 
$5,000. In many states there is a list of approved 
pacemakers that can be purchased, and Medicare, 
Blue Cross and other insurers have agreed to pay for 
most pacemaker models. No insurer will reimburse 
for the cost of an “experimental” unit. 

Whatever progress is made, whatever new tech- 
niques or equipment are introduced, these will have 
little impact on the general public until acceptability 
_ by third party insurers permits widespread use. Even 
if it represents only a small extension of already ex- 
isting equipment or technique a new device may, by 
its nature, be classified as “experimental.” Insurers 
can stifle or encourage such developments. A newly 
designed pacemaker should not necessarily be con- 
sidered “experimental” and therefore not approved 
for payment, unless it represents a major departure 
from designs already available. 


X. Pacemaker Recall 


Public recall of a pacemaker model creates in pa- 
tients great concern for immediate survival and, 
therefore, cannot be equated with recalls of other 
commercial products. Patients frequently are una- 
ware of the manufacturer’s name or the model desig- 
nation of their own pacemaker and they are under- 
standably frightened by any recall. Recalls are, in 
fact, likely to involve small groups of patients and if 
the preceding recommendations are followed, patient 
location will be known and they will be available for 
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direct contact. Public announcements are usually un- 
necessary. The Food and Drug Administration has 
made a wise decision not to disclose recall informa- 
tion to the media. 

The media can serve a valuable function in keeping 
the public informed on new devices in the pacing 
field. Such information should be supplied by the 
profession and industry after careful study and vali- 
dation of relevant data. Both the profession and the 
media, however, should be cautioned against the un- 
fortunate tendency on the part of some to convey, 
under the guise of news, information that is prema- 
ture or may be essentially of an advertising nature. 
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The rechargeable 
pacemaker. 


Since February, 1973, nearly 1000 
Pacesetter " rechargeable pacemakers* 
have been implanted without a single 
documented power source failure and 
only one electronic malfunction. About 
half as thick and a third the volume of 
other pacemakers, the Pacesetter system 
offers unprecedented longevity (a design 
life of 30 years), higher reliability and a 
simpler implantation procedure, 

Yet the elapsed time since these im- 
plants has hardly been sufficient to 
establish in and of itself the performance 
of the Pacesetter system. How long will 
this unique system function in the harsh 
environment of the body! What is the 
life of the Power Cell? How reliable are 
the electronics? How long will the lead 
last! And what assurance is there of the 
manufacturer's ability to stand behind 
the system: 


The facts are that no other pacemaker 
has been so rigorously tested prior to its 


s it here 


introduction. Since early 1969 Pacesetter 
Systems Inc. and Johns Hopkins Uni- 
versity have collaborated on extensive 
in vivo testing, as well as normal and 
accelerated cycle programs. 

For example, over 3000 power cells 
have been tested over this period 
including an original 50 which, in addi- 
tion to almost five years of real time tests, 
have accumulated the equivalent of 30 
years of operation in accelerated tests. 
The results: Not one PSI™ cell meeting 
initial standards has degraded or failed. 
And none has varied from normal oper- 
ating characteristics after initial 
stabilization. 

Reliability has been achieved in the 
electronics circuitry* by 100% environ- 
mental and performance testing of all 
critical components. To eliminate the 

ntrusion of body fluids, the pulse gen- 
erator is hermetically sealed. And, 
because of the long Power Cell life, each 
pacemaker can be subjected to months 
of continuous testing. 





The coaxial, redundant-wire lead* 
matches the reliability and longevity of 
the pacemaker. Laboratory tests indicate 
a typical life ten times greater than 
other leads. 

The portable AC charging console not 
only charges the pacemaker (providing 
eight weeks pacing with ample safety 
margin], but also receives and analyzes 
the pacemaker telemetry signal. The 
procedure is safe, simple, and assures the 
patient his pacemaker is functional. 


Pacesetter Systems Inc. (an associate of 
G.D. Searle & Co.) warrants the pulse 
generator, Power Cell and the electrode 
lead for ten years, including 60-months 
full replacement. 

Complete documentation and clinical 
evidence is available for both Pacesetter 
asynchronous and demand models. We 
think the evidence is clear: The recharge- 
able pacemaker is indeed here to stay. 


Pacesetter Systems. Inc. 


An associate of G. D. Searle e? Co. 


12740 San Fernando Road, Sylmar, California 91342 (213) 367-1911 
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The more physicians 
consider the hemodynamics of 
lowering blood pressure... 


Most physicians now agree on 
the importance of reducing 
blood pressure in the hyper- 
tensive patient. But high blood 
pressure exists, of course, only 
as part of a complete clinical 
picture. The hemodynamic 
profile of well-established es- 
sential hypertension is charac- 
terized by elevated arterial 
blood pressure, normal cardiac 
output, and increased total 
peripheral resistance. 

And so, physicians are increas- 
ingly concerned with the ef- 
fects of an antihypertensive 
agent not only on blood pres- 


sure itself but also on the 
hemodynamic pattern—in 
short, with the tctal effect of 
the drug. Does it indeed help 
lower blood pressure effec- 
tively? /s peripheral resistance 
reduced? Are cardiac output 
and renal functions main- 
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tained? And, also, is there 
likely to be drug-induced pos- 
tural hypotension serious 
enough to pose a threat to the 
patient's cerebrovascular 
status? | 
With this emphasis on overall 
drug performance has come a 
growingreliance on ALDOMET* 
(Methyldopa, MSD) in the 
treatment of sustained moder- 
ate hypertension. 

With its unique hemodynamic 
profile, ALDOMET has drawn 
increasing attention and ap- 
proval from physicians. First, 
of course, for its efficacy in 
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Contraindications include active 
hepatic disease and known sen- 
i | sitivity to the drug. Use with 
Cn | caution in patients with a history 
^| of liver disease or dysfunction. 
Not recommended in pheochro- 
mocytoma or pregnancy. 

It is important to recognize that 
4 a positive Coombs test, hemo- 
lytic anemia, and liver disorders 
may occur with methyldopa ther- 
apy. The rare occurrences of he- 
molytic anemia or liver disorders 
could lead to potentially fatal 
complications unless properly 
recognized and managed. For 
more details see the brief sum- 
mary of prescribing information. 


lowering blood pressure. But 
there are other considerations 
as well. Cardiac output is usu- 
ally maintained with nocardiac 
acceleration; in some patients 
the heart rate is actually 
slowed. Peripheral resistance 
is apparently reduced. 
ALDOMET does not usually 
compromise existing renal 
function; it generally does not- 
reduce renal blood flow, glo- 
merular filtration rate, or fil- 
tration fraction. And ALDOMET © 
usually does not cause sympto- - 
matic postural or exercise 
hypotension. 





In most cases of PAES EEA hypertension", 
TABLETS, 250 mg and 500 mg 


ALDOMET . 








(METHYLDOPA | MSD) 


smoothly lowers blood pressure 


For a brief summary of prescribing information, 
please see following page. 
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smoothly lowers blood pressure 


- Contraindications: Active hepatic disease, such as 
~ acute hepatitis and active cirrhosis. Known sensi- 


tivity. Not recommended in pheochromocytoma. 
Unsuitable in mild or labile hypertension respon- 


 , sive to mild sedation or thiazide therapy. Use cau- 
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tiously in patients with history of previous liver 


. disease or dysfunction. 


- Warnings: It is important to recognize that a posi- 


. tive Coombs test, hemolytic anemia, and liver dis- 


orders may occur with methyldopa therapy. The 
rare occurrences of hemolytic anemia or liver dis- 


 erders could lead to potentially fatal complications 
. unless properly recognized and managed. Read this 


section carefully to understand these reactions. 


.. With prolonged methyldopa therapy, 10% to 20% 


.. of patients develop a positive direct Coombs test, 
. usually between six and twelve months of therapy. 


Lowest incidence is at daily dosage of 1 g or less. 
This on rare occasions may be associated with 
hemolytic anemia, which could lead to potentially 
fatal complications, One cannot predict which 
patients with a positive direct Coombs test may de- 
velop hemolytic anemia, Prior existence or devel- 
opment of a positive direct Coombs test is not in 
itself a contraindication to use of methyldopa. If a 
positive Coombs test develops during methyldopa 
therapy, determine whether hemolytic anemia ex- 


-ists and whether the positive Coombs test may be 


(MG 


a problem. For example, in addition to a positive 
direct Coombs test there is less often a positive 
indirect Coombs test which may interfere with 


. cross matching of blood. 


At the start ef methyldopa therapy, it is desirable 
to do a blood count (hematocrit, hemoglobin, or 
red cell count) for a baseline or to establish 
whether there is anemia. Periodic blood counts 
should be done during therapy to detect hemolytic 
anemia. It may be useful to do a direct Coombs 
test before therapy and at six and twelve months 
after the start of therapy. If Coombs-positive hemo- 
lytic anemia occurs, the cause may be methyldopa 
and the drug should be discontinued. Usually the 
anemia remits promptly. If not, corticosteroids 


- may be given and other causes of anemia should 


- be considered. If the hemolytic anemia is related 
to methyldopa, the drug should not be reinstituted. 
When methyldopa causes Coombs positivity alone 
or with hemolytic anemia, the red cell is usually 
coated with gamma globulin of the IgG (gamma G) 
class only. The positive Coombs test may not re- 
vert to normal until weeks to months after meth- 
yldopa is stopped. 


Should the need for transfusion arise in a patient 


"i receiving methyldopa, both a direct and an indirect 


Coombs test should be performed on his blood. In 
the absence of hemolytic anemia, usually only the 
direct Coombs test will be positive. A positive di- 
rect Coombs test alone will not interfere with 
_ typing or cross matching. If the indirect Coombs 
test is also positive, problems may arise in the 
major cross match and the assistance of a hema- 


_ tologist or transfusion expert will be needed. 


Fever has occurred within first three weeks of 
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malities in liver function tests, such as serum al- 
kaline phosphatase, serum transaminases (SGOT, 
SGPT), bilirubin, cephalin cholesterol flocculation, 


. prothrombin time, and bromsulphalein retention. 
Jaundice, with cr without fever, may occur, with 


onset usually in the first two to three months of 
therapy. Rarely fatal hepatic necrosis has been re- 
ported. These hepatic changes may represent hy- 
persensitivity reactions; periodic determination of 
hepatic function should be done particularly dur- 


- ing the first six to twelve weeks of therapy or 
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whenever an unexplained fever occurs. If fever, 
abnormalities in liver function tests, or jaundice 
appear, stop therapy with methyldopa. If caused 
by methyldopa, the temperature and abnormalities 
in liver function characteristically have reverted 


to normal when the drug was discontinued, Methyl- 


dopa should not be reinstituted in such patients. 


Rarely, reversible reduction in leukocyte count 
with primary effect on granulocytes has been seen. 


Reversible thrombocytopenia has occurred rarely. | 


When used with other antihypertensive drugs, po- 
tentiation of antihypertensive effect may occur. 


Use in Pregnancy and Childbearing Age—Not rec- 
ommended in pregnancy. In women of childbearing 
age, weigh potential benefits against possible 
fetal hazards. 


Precautions: Methyldopa may interfere with mea- 
surement of: uric acid by the phosphotungstate 
method, creatinine by the alkaline picrate method, 
and SGOT by colorimetric methods. Since methyl- 
dopa causes fluorescence in urine samples at the 
same wavelengths as catecholamines, spuriously 
high levels of urinary catecholamines may be re- 
ported. This will interfere with the diagnosis of 
pheochromocytoma. Stop drug if involuntary cho- 
reoathetotic movements occur in patients with 
severe bilateral cerebrovascular disease. Patients 
may require reduced doses of anesthetics; hypo- 
tension occurring during anesthesia usually can be 
controlled with vasopressors. Hypertension has oc- 
curred after dialysis in patients on methyldopa 
because the drug is removed by this procedure. 


Adverse Reactions: Sedation, usually transient, may 
be seen during initial therapy or when dosage is 
increased, Headache, asthenia, or weakness may 
be noted as early, transient symptoms. Symptoms 
associated with effective lowering of blood pres- 
sure are occasionally seen and include dizziness, 
lightheadedness, and symptoms of cerebrovascular 
insufficiency. Angina pectoris may be aggravated. 
Symptoms of orthostatic hypotension may occur; 
if symptoms occur, reduction of dosage is sug. 
gested. Bradycardia, nasal stuffiness, mild dryness 
of mouth, and gastrointestinal symptoms including 
distention, constipation, flatus, and diarrhea occur 
occasionally; these generally can be relieved by 
reducing dosage. Nausea and vomiting have been 
reported in only a few patients. Sore tongue or 
"black tongue," pancreatitis, and inflammation of 
salivary glands may occur. 


Weight gain and edema occur infrequently and are 
relieved by administering a thiazide diuretic; if 
edema progresses or signs of pulmonary conges- 
tion appear, discontinue drug. A rise in BUN has 
been observed. Other rare reactions include breast 
enlargement, lactation, impotence, decreased 
libido, skin rash, mild arthralgia, myalgia, pares- 
thesias, Bell's palsy, parkinsonism, psychic dis- 
turbances including nightmares, reversible mild 
psychoses or depression. Urine exposed to air 
after voiding may darken because of breakdown of 
methyldopa or its metabolites. 


Note: Dosage should be limited initially to 500 mg 
daily when following previous antihypertensive 
agents other than thiazides. Maximal recommended 
daily dose is 3.0 g. Patients with impaired renal 
function may respond to smaller doses than pa- 
tients with normal kidney function. Syncope in 
older patients has been related to increased sensi- 
tivity in those with advanced arteriosclerotic vas- 
cular disease; this may be avoided by lower doses. 
Tolerance occasionally seen either early or late, 
but more likely between second and third month 
after initiation of therapy; increased dosage or 
combined therapy with a thiazide frequently re- 
stores effective control. 


How Supplied: Tablets, containing 250 mg methyl- 
dopa each, in single-unit packages of 100 and bot- 
tles of 100 and 1000; Tablets, containing 500 mg 
methyldopa each, in single-unit packages of 100 
and bottles of 100. 

For more detailed information, consult your MSD 
representative or see full prescribing information. 
Merck Sharp & Dohme, Division of Merck & Co., INC., 
West Point, Pa. 19486 
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Because of the importance of 
patient motivation, Merck 
Sharp & Dohme offers “High 
Blood Pressure,” a concise, 
pocket-sized booklet that 
defines the patient’s own role 
in the management of hyper- 
tension. This booklet is avail- 
able for you to give to your 
patients. It is designed to 
reinforce your explanation of 
hypertension and it emphasizes 
the importance of patient 
understanding in adhering to 
the regimen you prescribe. 


Please ask your Merck Sharp & 
Dohme Professional Represen- 
tative or write Professional 
Service Department, West 
Point, Pa. 19486 for a supply 

of this booklet. 
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ytever your needs are in computerized electrocardiography, Marquette has tied up quite a packa 
fems to help you build your ecg department into the most technically advanced one available t 
Aarquette's distinctive approach to solving problems in the ecg department, enables you to use ell 
gle system or our total systems capabilities. Whether it is our Series 3000 line of automatic electrocar 
vel which produce the finest tracings available today or our Series 7400 ECG Retrieval and Stor 
‚which reduces your storage problems by a 10 to 4 ratio. Our Series 3500 ECG Stress Testing Syst 
es the most complete diagnostic monitoring available for determining potential coronary insuff 
der controlled stress, and our newest building block, The MUSE ECG Analysis System; a system that 
r hospital with the capability of automating your ecg readings through the use of a compact di 
er equipped with the most advanced programs in ecg computer analysis. 

\t Marquette, we leave no strings untied to offer you the most advanced systems in electro 
or full color brochures on these comprehensive new systems, write; Marquette Electronics 
B9, 8200 West Tower Avenue, Suite 179, Milwaukee, Wisconsin 53223. 
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experience you said we needed. 

And we've been there with the 
STARR-EDWARDS"! Cardiac Pacer 
System with the features and improve- 
ments that surgeons and cardiologists 
asked for. 

“A smaller pulse generator”. 
We responded with a compact pulse 
generator that's easy to implant, even 
in small, thin patients. 

“Increased longevity”. Our 
Model 8114 Ventricular Tracking Pacer 
employs a narrow pulse width to 
conserve energy without sacrificing 
patient safety. 


“A convenient, accurate and 
inexpensive method of patient 
follow-up". Our Electronic Analysis 
System provides a practical means to 
monitor pulse generator function by 
telephone, and to identify pulse 
generator end-of-life for elective 
replacement only when warranted. 
Data transmitters are simple to 
operate, and are provided at no charge 
with each pulse generator. 

“Lead connectors for quick 
attachment". Our exclusive electrode 
attachment allows lead connection in 
seconds; implantation time is mini- 


mized; safe, secure coupling is assured. 





We're there. 


*More accurate threshold 
determinations”. We offer a unique 
Threshold Analyzer which allows you 
to determine the patient's stimulatior 
threshold with the actual pulse 
generator to be implanted. 

For additiona! information 
contact Edwards Laboratories, 

17221 Red Hill Avenue, RO. Box 11150 
Santa Ana, CA 92711, 714/557-8910, 
Cable: =<DSLAB, Telex: 68:5567. 
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No potassium supplements 
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See next page for indications and brief prescribing information. 


*E.D. Freis: The Modern Management of Hypertension, V.A. Information 
Bulletin, 11-35. 
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501 Myocardial Lactate Production in Patients with Angina-Like Chest Pain and Angiographically Normal 
Coronary Arteries and Left Ventricle 


HARISIOS BOUDOULAS, TYSON C. COBB, RICHARD F. LEIGHTON and SHARON M. WILT 


Of 29 patients with angina-like chest pain and angiographically norma! coronary arteries and left ventricle 
subjected to rapid coronary sinus pacing, 9 showed evidence of myocardial lactate production and 20 did not. 
The degree of S-T segment depression with pacing was greater in the lactate producers. At present the clini- 
cal significance and value of identifying patients with this response remains uncertain. 


506 Arterial Pressure As a Determinant of Left Ventricular Filling Pressure After Acute Myocardial 
Infarction 


JOSEPH A. FRANCIOSA, NABIL H. GUIHA, CONSTANTINOS J. LIMAS, SERGIO PAZ 
and JAY N. COHN 


Monitored data in 26 patients with acute myocardial infarction demonstrated changes in left ventricular filling 
pressure were a direct result of the change in arterial pressure and reflect considerable left ventricular dys- 
function that has impaired the ability of the left ventricle to adjust to varying afterloads. Left ventricular filling 
pressures cannot be used as a simple independent guide to changes in left ventricular function. 


513 Clinical, Hemodynamic and Angiographic Aspects of Inferior and Anterior Myocardial Infarctions in 
Patients with Angina Pectoris 


ROBERT |. HAMBY, IRWIN HOFFMAN, JOSEPH HILSENRATH, AGOP AINTABLIAN, 
STANLEY SHANIES and VENKATANARAYANA S. PADMANABHAN 


In this study of 264 patients with angina pectoris and coronary artery disease those with anterior wall myocar- 
dial infarction had impaired left ventricular function and a more prevalent history of heart failure, audible gallops 
and cardiomegaly. Patients with inferior wall myocardial infarction usually had normal hemodynamics. Cardio- 
megaly on chest X-ray film was usually associated with an abnormal end-diastolic volume and ejection fraction. 
In the individual patient the electrocardiogram was not a reliable predictor of the degree of coronary artery dis- 
ease. 


520  Ischemic Cardiomyopathy: The Myopathy of Coronary Artery Disease. Natural History and Results of 
Medical Versus Surgical Treatment 


RONALD F. YATTEAU, ROBERT H. PETER, VICTOR S. BEHAR, ALAN G. BARTEL, 
ROBERT A. ROSATI and YIHONG KONG 


This study of 42 patients with ischemic cardiomyopathy managed medically and 24 similar patients managed 
surgically with aortocoronary bypass grafts or ventricular plication, or both, showed a poor prognosis in all. Sur- 
gical intervention had a high operative mortality rate without significantly altering the symptoms in the survivors. 
Patients with mitral regurgitation or a left ventricular end-diastolic pressure of 24 mm Hg or greater had a signif- 
icantly higher mortality rate than those without these findings. 


Continued on page A13 
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. We'd like you to know there are valid reasons you may DM 
_ have experienced some delay in delivery of yournewEK/5A |. 
^" electrocardiograph. Burdick dealers and salesmen are | 

correctly telling you that continued heavy demand for the 
.EK/5A and short supplies of components have brought 
about delays we are doing everything to overcome — 
without sacrificing Burdick quality. | 
Why is the EK/5A worth waiting for? Automatic lead 
coding; new patient isolation; solid-state simplicity; high 
safety margins on components; diagnostic accuracy and 
. definition; reliable performance—all delivered in a 
smartly styled 17-Ib. package! | 


Call your Burdick dealer now for a demonstration, or write 
The Burdick Corporation, Milton, Wis. 53563. 
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526 Pathologic Changes in Aortocoronary Saphenous Vein Grafts 


KRISHNAN K. UNNI, BRICE A. KOTTKE, JACK L. TITUS, ROBERT L. FRYE, 
ROBERT B. WALLACE and ARNOLD L. BROWN 


Examination of aortocoronary saphenous vein grafts from 40 patients at autopsy revealed that the earliest 
change was insudation of blood constituents into the vein intima. In long-term survivors increased permeability 
of the graft endothelium caused by injury or hemodynamic factors may expose medial smooth muscle to cer- 
tain plasma factors and promote smooth muscle cell hyperplasia. 


533  Hemolysis in Patients with the Cloth-Covered Aortic Valve Prosthesis. Changing Severity of Hemolysis 
and Prediction of Anemia 


JOHN T. SANTINGA, JAIRUS D. FLORA, JOHN BATSAKIS and MARVIN M. KIRSH 


Increasing hemolysis related to cloth wear may produce late onset of anemia in patients with a cloth-covered 
aortic valve prosthesis. The serum lactic dehydrogenase level is the most useful screening test for this compli- 
cation. Values exceeding 250 units (four times the limit of normal by other lactic dehydrogenase methods), in- 
creasing levels, or both, suggest future anemia. 


538 Thrombosis on Bjork-Shiley Aortic Valve Prosthesis. Clinical, Arteriographic, Echocardiographic and 
Therapeutic Observations in Seven Cases 


JERMIAHOU BEN-ZVI, FRANK J. HILDNER, PREMINDRA A. CHANDRARATNA and 
PHILIP SAMET 


Massive thrombosis on a Bjork-Shiley aortic valve prosthesis, presumably due to inadequate anticoagulant ther- 
apy, occurred in 5 percent of 121 patients 3 to 19 months after insertion of the prosthesis. Presenting symp- 
toms and signs included anginal chest pain, acute left ventricular failure, absent closing and new aortic systolic 
or diastolic murmurs. Thrombectomy and debridement of the prosthetic valve successfully corrected this com- 
plication in four of the five patients operated upon. Permanent anticoagulation is necessary to prevent this 
complication in patients with this type of prosthesis. 


EXPERIMENTAL STUDIES 


545 External Measurement and Mapping of Myocardial Isotope After Coronary Venous 95Krypton and 
133X enon Injections 


ANTHONY A. CIBULSKI, ANGEL MARKOV, PATRICK H. LEHAN, JAMES R. GALYEAN, Ill, WILLIAM M. 
FLOWERS, JR., ROBERT O. SMITH and HARPER K. HELLEMS 


In these dog experiments a retrograde coronary venous injection technique for concentrating diffusible radio- 
isotope in ischemic myocardial regions revealed that in the presence of coronary inflow obstruction, the venous 
85krypton was distributed mainly to the vessels with reduced pressure in ischemic regions. This technique, in 
conjunction with rapid photoscanning methods, may provide a promising approach to assessing regional myo- 
cardial blood flow in man. 


552 Effects of Intraaortic Balloon Counterpulsation on Regional Coronary Blood Flow in Experimental 
Myocardial Infarction 


JOHN SHAW, DEAN R. TAYLOR and BERTRAM PITT 


Intraaortic balloon counterpulsation in 10 anesthetized normotensive dogs after ligation of the left anterior de- 
scending coronary artery caused a significant decrease in mean arterial pressure of 29 mm Hg, an increase of 
20 mm Hg in peak, and 10 mm Hg in mean aortic diastolic pressure. Improved myocardial blood flow to the in- 
farcted area depends upon the presence of preexisting collateral vessels. 
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METHODS 


557 Method for Assessing Stress-Induced Regional Malperfusion During Coronary Arteriography. 
Experimental Validation and Clinical Application 


K. LANCE GOULD, GLEN W. HAMILTON, KIRK LIPSCOMB, JAMES L. RITCHIE and 
J. WARD KENNEDY 


Scintiphotographs and other data in eight open chest dogs and in patients with moderate coronary lesions dem- 
onstrated normal myocardial regional perfusion at rest but maldistribution during hyperemia. In patients collater- 
al circulation failed to maintain normal distribution during hyperemia despite normal regional perfusion at rest. 


PEDIATRIC CARDIOLOGY 


565  Hemodynamic Evaluation of 221 Patients After Intracardiac Repair of Tetralogy of Fallot 
WITOLD RUZYLLO, MICHAEL R. NIHILL, CHARLES E. MULLINS and DAN G. McNAMARA 
Cardiac catheterization and angiocardiography are essential after total repair of tetralogy of Fallot for recom- 
mendations about physical activity, vocational plans, frequency of follow-up examinations and additional opera- 
tions. In this group of 221 patients studied an average of 2 years after intracardiac repair of tetralogy of Fallot 
postoperative results were excellent (43 percent), good (35 percent), satisfactory (7 percent), and unsatisfacto- 


ry (14 percent). The postoperative result depended upon the amount of reconstruction of the right ventricular 
outflow tract and the caliber of the pulmonary arteries. 


HISTORICAL MILESTONES 


577 William G. MacCallum on the Teaching of Pathologic Physiology (1906) 
SAUL JARCHO 
Innovative at the time of its inception in 1906, MacCallum's course in pathologic physiology paved the way for 


students to acquire better insight and understanding of changes in function initiated by anatomic alterations and 
pathology. This milestone outlines the section devoted to cardiovascular physiology and pathology. 


SYMPOSIUM IN HONOR OF EDGAR HULL 


580 Introduction 
GEORGE R. MENEELY 


581 The Capillary Factor in Myocardial Infarction 
GEORGE R. MENEELY 
The studies reviewed in this paper demonstrate that vulnerability of myocardial capillaries to ischemic, asphyxic 


and anoxic insult plays a major role in producing irreversible myocardial lesions, often in the absence of perma- 
nent coronary occlusion. 
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588 Serum Lipoproteins and Coronary Heart Disease 


GERALD S. BERENSON in collaboration with SATHANUR R. SRINIVASAN, 
EDWARD R. DALFERES, Jr., FRANCIS A. PUYAU, LAWRENCE P. O'MEALLIE, 
ROBERT J. HALL and PADMAKER S. PARGAONKAR 


Relatively simple screening methods for determining serum lipoproteins now available permit quantitation of 
lipid abnormalities at a macromolecular level. Data in 333 children aged 3 to 16 years show that the pre-beta 
lipoprotein levels of children are lower and the alpha lipoprotein levels higher than in adults. Even by adult stan- 
dards 15 percent of the children had high values for one or both of the lipoproteins. 


594 Sounds of the Heart in Diastole 
JORGE |. MARTINEZ-LOPEZ 


Sounds of the heart in diastole may be spontaneous or iatrogenic and arise either inside or outside of the heart. 
This review of such sounds includes normal and abnormal ventricular filling sounds, opening snap, “tumor 
plop,” pericardial knock, prosthetic atrioventricular valve click and pacemaker-induced sound. 


602 Effects of Cerebral Angiography, Pneumoencephalography, Myelography and Ventriculography on the 
Electrocardiogram 


GEORGE E. BURCH and PATRICK BREAUX 


Definite electrocardiographic changes were recorded in 78 percent of 50 patients immediately after cerebral 
angiography, ventriculography, myelography or pneumoencephalography. These changes, most severe after 
cerebral angiography, appeared to be mediated through parasympathetic or sympathetic cardiac innervation. 


CASE REPORTS 


606 Unusual Hemodynamics in Lóffler's Endomyocarditis 


HUGH T. BLAIR, ROBERT A. CHAHINE, ALBERT E. RAIZNER, FERENC GYORKEY 
and ROBERT J. LUCHI 


Cardiac catheterization showed normal right- and left-sided pressures 2 years before death and a very large 
right atrial wave and pressure 3 weeks before death of a 48 year old man with Loffler’s endomyocarditis pre- 
senting with progressive cardiac decompensation, marked peripheral eosinophilia and endomyocardial fibrosis. 
These results suggest the extensively fibrosed right ventricle functioned as a mere conduit while atrial contrac- 
tion provided the propelling force in the right side of the heart. 


610 Compression of Pulmonary Artery and Bronchus by Descending Thoracic Aortic Aneurysm. Perfusion 
and Ventilation Changes After Aneurysmectomy 


BASIL VARKEY and FELIX E. TRISTANI 


Significant increase in perfusion and ventilation to the left lung followed aneurysmectomy of a descending tho- 
racic aortic aneurysm which had severely compressed the left main bronchus in a 49 year old man. 
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615 Primary Leiomyosarcoma of the Pulmonary Artery 
WILLIAM L. HAYES, S. “JIM FARHA and ROBERT L. BROWN 


A primary leiomyosarcoma of the pulmonary valve and are diagnosed by angiocardiography in a 52 year old 
woman with an intractable cough was resected only to recur a year later. At this time the tumor extended into 
nes substance of the myocardium and was not totally resectable. 
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The place of INDERAL (propranolo! 
hydrochloride) among the standard drugs for th 
treatment of disturbed cardiac rhythm has been 
frequently reaffirmed throughout seven years of 
clinical use. In fact, after withdrawal of digitalis, 

.. it may be the treatment of choice for 
digitalis- -induced arrhythmias, provided 
hypokalemia is not present.” It has been widely 
used in selected supraventricular arrhythmias 
that have proved resistant to digitalis and in 
tachyarrhythmias precipitated by exercise, 
emotional stress, or undesirable sympathetic 
stimulation;-and it is also effective in controlling 
supraventricular tachyarrhythmias related to the 
Wolff-Parkinson-White syndrome.’ 
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Although propranolol may accomplish only the 
reduction of the heart rate in hyperthyroidism, it ħas 
proved useful for this purpose. Sinus tachycardia 
inhyperthyroidism which causes symptoms 

may be relieved by the administration of 

propranolol before definitive therapy... The 

author has observed that atrial fibrillation 
complicating hyperthyroidism was easily terminated 
using modest doses of propranolc!.'* 
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in the inner circle C 
Inderal stands ou 


INDERAL protects the heart from undesirable 
catecholamine stimulation through its beta blocking 
action. Propranolol occupies the beta-receptor 
sites, making them unavailable to the beta- 
adrenergic stimulating effects of catecholamines. 
INDERAL is the first beta-adrenergic blocking agent 
in clinical cardiologic use. 


“In paroxysmal atrial tachycardia, the c 
slows the ventricular rate, and als: 
valuable in restoring the heart t 
regular sinus rhythm.’ "Paroxys 
atrial tachycardia induced by 
ercise...has uniformly b 
prevented by propranolol,” 
results with INDERAL in 
Wolff-Parkinson-White s 
drome '...have been favor: 
inall butafew patientsrepor 
This condition appears to 
one of the more definite ii 
cations for propranolol.” * 
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"Sinustachycardiainduced by stress 
... may be inappropriate to the needs 
of the patient and, in fact, may be 
causing symptoms of itself. If the 
clinical situation does not sug- 
gest a needed compensatory 
sinus tachycardia and the heart 
rate is indeed inappropriate, 
treatment with propranolol has 
been successful.” * 
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In cases of atrial premature beats frequent 
enough that they could herald the onset 
of atrial fibrillation, it has been 
recommended that propranolol be used 
after other measures have 

failed to control the beats 5 
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antiarrhythmia agents TUO M 
'or supraventricular arrhythmias 


atrial f utter “In the presence of atrial flutter, ventricular rate 
is often difficult to control, and, as with an atrial 

| PO fibrillation, propranolol hydrochloride 
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especially inthe presence of mitral 
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valve disease. * 
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a trial f bri | lation “One salutary effect of propranolol is slowing of 
the ventricular rate in atrial flutter and fibrilla- 

tion. *In a review of the literature, it 

HH BASEA PUVERIRENE N unseen was noted that most patients with 
HIE |. 1. | | 1| . fibrillation not controlled by digi- 
H +. = HEH E: 5 talis alone experienced slowing 
HEN rin bee S EE K 1 ofthe ventricular rate after admin- 
L istration of propranolol and a few 
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“Propranolol is very effective in treating 
arrhythmias caused by digitalis excess. Its use 
in this setting may be limited by the presence of 
significant congestive heart failure or heart 
block, both of which can be potentiated by 
propranolol. However, if given in small doses 
with careful monitoring, it is often of great 
value in the treatment of digitalis toxicity. 5 
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BRIEF SUMMARY 
(For full prescribing information, see package circular.) 


Inderal 
Brand of 


propanolol hydrochloride 


A beta-adrenergic blocking agent 





BEFORE USING INDERAL (PROPRANOLCL HYDRO- 
CHLORIDE), THE PHYSICIAN SHOULD BE THOROUGHLY 
FAMILIAR WITH THE BASIC CONCEPT OF ADRENERGIC 
RECEPTORS (ALPHA AND BETA), AND THE PHARMA- 
COLOGY OF THIS DRUG. 








INDICATIONS: 
Cardiac Arrhythmias 
1.) Supraventricular arrhythmias 
a) Paroxysmal atrial tachycardias, particularly those arrhythmias 
induced by catecholamines or digitalis or associated with the 
Wolff-Parkinson-White syndrome. (See W-P-W under 
WARNINGS.) 
b) Persistant sinus tachycardia which is non-compensatory and 
impairs the well-being of the patient. 
c) Tachycardias and arrhythmias due to thyrotoxicosis when 
Causing distress or increased hazard and when immediate 
effect ıs necessary as adjunctive, short term (2-4 weeks) 


therapy. 
May be used with, but not in place of, specif c therapy. (See 
Thyrotoxicosis under WARNINGS. 

d) Persistent atrial extrasystoles which impair the well-being 
of the patient and do not respond to conventional measures. 

e) Atrial flutter and fibrillation when ventricular rate cannot be 

-controlled by digitalis alone, or when digitalis is contraindicated. 
2.) Ventricular tachycardias 

Ventricular arrhythmias do not respond to propranolol as predict- 

ably as do the supraventricular arrhythmias. 

a) Ventricular tachycardias 
With the exception of those induced by catecholamines or 
digitalis, INDERAL is not the drug of first choice. In critical 
situations when cardioversion technics or othar drugs are not 
indicated or are not effective, INDERAL may ba considered. If, 
after consideration of the risks involved, INDERAL is used, it 
should be given intravenously in low dosage and very slowly 
{See DOSAGE AND ADMINISTRATION. Care in the administra- 
tion of \NDERAL with constant electrocardiographic monitoring 
is essential as the failing heart requires some sympathetic 
drive for maintenance of myocardial tone. 

5) Persistent premature ventricular extrasystoles which do not 
respond to conventional measures and impair the well-being 
of the patient. 

3.) Tachyarrhythmias of digitalis intoxication 

If digitalis-induced tachyarrhythmias persist following discon- 

tinuance of digitalis and correction of electrolyte abnormalities, 

they are usually reversible with ora/ INDERAL. Severe bradycardia 
may occur. (See OVERDOSAGE OR EXAGGERATED RESPONSE.) 

Intravenous propranolol hydrochloride is reserved for life- 

threatening arrhythmias. Temporary maintenance with oral 

therapy may be indicated. (See DOSAGE AND ADMINISTRATION.) 
4.) Resistant tachyarrhythmias due to excessive catecholamine 
action during anesthesia, 

Tachyerrhythmias due to excessive catecholamine action during 

anesthesia may sometimes arise because of release of endo- 

genous catecholamines or administration of catecholamines. 

When usual measures fail in such arrhythmias, INDERAL may be 

given intravenously to abolish them. All general inhalation 

anesthetics produce some degree of myocardial depression. 

Therefore, when INDERAL is used to treat arrhythmias during 

anesthesia, it should be used with extreme caution and constant 

ECG and central venous pressure monitoring. (See WARNINGS. | 

Hypertrophic Subaortic Stenosis 

INDERAL is useful in the management of hypertrophic subaortic 
stenosis, especially for treatment of exertional or other stress- 
induced angina, palpitations, and syncope. INDERAL also improves 
exercise performance. The effectiveness of INDERAL in this disease 
- appears to be due to a reduction of the elevated outflow pressure 
gradient which is exacerbated by beta receptor stimulation. Clinical 
improvement may be temporary. 

Pheochromocytoma 

After primary treatment with an alpha-adrenergic blocking agent 
has been instituted, INDERAL may be useful as adjunctive therapy if 
the control of tachycardia becomes necessary before or during 
surgery. 


It is hazardous to use INDERAL unless alpha-adrenergic blocking 
drugs are already in use, since this would predispose to serious 
blood pressure elevation. Blocking only the peripheral dilator (beta) 
action of epinephrine leaves its constrictor (alpha) action unopposed. 

In the event of hemorrhage or shock, there is a disadvantage in 
having both beta and alpha blockade since the combination prevents 
the increase in heart rate and peripheral vasoconstriction needed 
to maintain blood pressure. 

With inoperable or metastatic pheochromocytoma, INDERAL may 
be useful as an adjunct to the management of symptoms due to 
excessive beta receptor stimulation. 

CONTRAINDICATIONS: INDERAL is contraindicated in: 1) bronchial 
asthma; 2) allergic rhinitis during the pollen season; 3) sinus 
bradycardia and greater than first degree block; 4) cardiogenic 
shock; 5) right ventricular failure secondary to pulmonary hyperten- 
sion; 6) congestive heart failure (see WARNINGS) unless the failure 
is secondary to a tachyarrhythmia treatable with INDERAL; 7) in 
patients on adrenergic-augmenting psychotropic drugs (including 
MAO inhibitors), and during the two week withdrawal period from 
such drugs. 

WARNINGS: CARDIAC FAILURE: Sympathetic stimulation is a vital 
component supporting circulatory function in congestive heart 
failure, and inhibition with beta-blockade always carries the poten- 
tial hazard of further depressing myocardial contractility and 
precipitating cardiac failure. INDERAL acts selectively without 
abolishing the inotropic action of digitalis on the heart muscle (48. 
that of supporting the strength of myocardial contractions). How- 
ever, the inotropic action of digitalis may be reduced by INDERAL's 
opposite inotropic effect. The effect of INDERAL and digitalis are 
additive in depressing AV conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued 
depression of the myocardium over a period of time can, in some 
cases, lead to cardiac failure. In rare instances, this has been 
observed during INDERAL therapy. Therefore, at the first sign or 
symptom of impending cardiac failure, patients should be fully 
digitalized, and the response observed closely: (a) if cardiac failure 
continues, INDERAL therapy must be immediately withdrawn; (b) if 
tachyarrhythmia is being controlled, patients should be main- 
tained on combined dosage and the patient closely followed until 
threat of cardiac failure is over. 

IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects 
from long term use have not been adequately appraised. Special 
consideration should be given to propranolol's potential for aggra- 
vating congestive heart failure. Propranolol may mask the clinical 
signs of continuing hyperthyroidism or complications and give a 
false impression of improvement. Propranolol does not distort 
thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several 
cases have been reported in which, after propranolol, the tachy- 
cardia was replaced by a severe bradyeardia requiring a demand 
pacemaker. In one case this resulted after an initial dose of 5 mg. 
propranolol, 

IN PATIENTS DURING ANESTHESIA with agents that require cate- 
cholamine release for maintenance of adequate cardiac function, 
beta blockade will impair the desired inotropic effect. Therefore, 
INDERAL should be titrated carefully when administered for 
arrhythmias occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade im- 
pairs the ability of the heart to respond to reflex stimuli. For this 
reason, with the exception of pheochromocytoma, INDERAL should 
be withdrawn 48 hours prior to surgery, at which time all chemical 
amd physiologic effects are gone according to available evidence. 
However, in case of emergency surgery, since INDERAL is a competi- 
tive inhibitor of beta receptor agonists, its effects can be reversed 
by administration of such agents, &.g. isoproterenol or levarterenol. 
However, such patients may be subject to protracted severe hypo- 
tension. Difficulty in restarting and maintaining the heart beat has 
also been reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (é.9. 
CHRONIC BRONCHITIS, EMPHYSEMA), INDERAL should be admin- 
istered with caution since it may block bronchodilation produced by 
endogenous and exogenous catecholamine stimulation of beta 
receptors. 

DIABETICS ANO PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of 
its beta-adrenergic blocking activity, INDERAL may prevent the 
appearance of premonitory signs and symptoms (pulse rate and 
pressure changes) of acute hypoglycemia. Especially important 
with labile diabetics. 

USE IN PREGNANCY: The safe use of INDERAL in human prag- 
nancy has not been established. Use oí any drug in pregnancy or 
women of childbearing potential requires that the possible risk to 
mother and/or fetus be weighed against the expected therapeutic 


benefit. 

PRECAUTIONS: Patients receiving catecholamine depleting drugs 
such as reserpine should be closely observed if INDERAL is admin- 
istered. The added catecholamine blocking action of this drug may 
then produce an excessive reduction of the resting sympathetic 
nervous activity. Occasionally, the pharmacologic activity of INDERAL 


may produce hypotension and/or marked bradycardia resulting in 
vertigo, syncopal attacks, or orthostatic hypotension. 

When discontinuance of chronically administered INDERAL is 
planned, the dosage should be gradually reduced over a period of 
several weeks end the patient should continue to be carefully 
monitored. There have been reports of myocardial infarction 
occurring in angina pectoris patients following abrupt discon- 
tinuation of INDERAL therapy. 

As with any new drug given over prolonged periods, laboratory 
parameters should be observed at regular intervals. The drug should 
be used with caution in patients with impaired rena! or hepatic 


function. 

ADVERSE REACTIONS: Cardiovascular: bradycardia; congestive 
heart failure; intensification of AV block; hypotension; paresthesia 
of hands; arterial insufficiency, usually of the Raynaud type; 
thrombocytopenic purpura. 

Central Nervous System: \ightheadedness; menta depression 
manifested by insomnia, lassitude, weakness, fatigue; reversible 
mental depression progressing to catatonia; visual disturbances; 
hallucinations; an acute reversible syndrome eharacterized by dis- 
orientation for time and place, short term memory loss, emotional 
lability, slightly clouded sensorium, and decreased performance on 
neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal 
cramping, diarrhea, constipation 

Allergic: pharyngitis and agranulocytosis, erythematous rash; 
fever combined with aching and sore throat. larynoospasm and 
Li dert wha 

piratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombacytopenic purpura, 
thrombocytopenic purpura 

Miscellaneous: reversible alopecia 

Clinical Laboratory Test Findings: Elevated blood urea levels in 
patients with severe heart disease, elevated serum transaminase, 
alkaline phosphatase, lactate dehydrogenase 
DOSAGE AND ADMINISTRATION: The oral route of administra- 
tion is preferred. 


RAL 

ARRHYTHMIAS—10-30 mg. three or four times daily, before 
meals and at bedtime. 

HYPERTROPHIC SUBAORTIC STENOSIS— 20-40 mg. three or 
four times daily, before meals and at bedtime. 

PHEOCHROMOCYTOMA — Preoperatively—80 mg. daily in 
divided doses for three days prior to surgery, concomitantly with an 
alpha-adrenergic blocking agent. 

—Management of inoperable tumor — 30 mg. daily in divided doses. 
PEDIATRIC DOSAGE 

At this time the data on the use of the drug in this age group are 
too limited to permit adequate directions for usa. 
INTRAVENOUS 

Intravenous administration is reserved for life-threatening 
arrhythmias or those occurring uncer anesthesia. The usual dose is 
from 1 to 3 mg. administered under careful monitoring, @.9. 
alactrocardiographic, centra! venous pressure. The rate of admin- 
istration should not exceed 1 mg. (1 cc.) per minute to diminish the 
possibility of lowering blood pressure and causing cardiac stand- 
still. Sufficient time should be allowed for the drug to reach the site 
of action even when a slow circulation is present. If necessary, a 
second dose may be given after two minutes. Therea'ter, additional 
drug should not be given in less than four hours. Additional 
INDERAL should not be given when the desired alteration in rate 
and/or rhythm is achieved. 

Transference to oral therapy should be made as soon as possible. 
OVERDOSAGE OR EXAGGERATED RESPONSE: IN THE EVENT 
OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING 
MEASURES SHOULD BE EMPLOYED: BRADYCARDIA—ADMIN- 
ISTER ATROPINE (0.25 to 1.0 mg.): IF THERE IS NO RESPONSE 
TOVAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 

CARDIAC FAILURE — DIGITALIZATION AND DIURETICS 

HYPOTENSION—VASOPRESSORS, e.g. LEVARTERENOL OR 
EPINEPHRINE (THERE IS EVIDENCE THAT EPINEPHRINE IS THE 
DRUG OF CHOICE.) 

AC aic eb ISOPROTERENOL AND AMINO- 
PHYLLINE. . | 
HOW SUPPLIED: INDERAL (propranolol hydrochloride] TABLETS 
No. 461 —Each tablet contains 10 mg. of propranolol hydrochloride, 
in bottles of 100 and 1,000. 

No. 464—Each tablet contains 40 mg. of propranolol hydrochloride, 
in bottles of 100 and 1,000. 

INJECTABLE No. 3265—Each cc. contains 1 mg. of propranolol 
hydrochloride in Water for Injection. The pH is adjusted with citric 
acid. Supplied as: 1 cc. ampuls in boxes of 10. 


| 


AYERST LABORATORIES 
New York. N.Y. 10017 


74»n 


~ 


CARDIAC. 
REHABILITATION 


CPR 
CENTERS 





E 160 
rici ^ : tbe gira cir i Effects of Exercise Therapy Program 


MES 

cardiac rehabilitation which: do co qoo lo pupa 
0 Provides a structured therapy SEM IHE EE )g 1 
BE ded óc by cles dolio lel pane 


tronic monitoring of the exercising 
patient by specially-trained CCU 


LM 2 AIL Op 1: ET 
valuates progress utilizing o erg E hos ae Se ES 

Ree Á 
= See edhon seme - |. LRR T LR 


including educational audiovisual 
aides and dietary counseling. 

L] Creates an atmosphere which 
dramatically helps your patient 
psychologically, as well as 
physiologically. 

L] Brings to your patient imme- 


| to your patie P P- TP 

diate recognition by major insurance van yr 

carriers and by state and federal dcc qd i Le bd Eu 
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paramedical service under local phy- des use a 


sician supervision. 

A CPR Center can be fully-de- 
signed and equipped with sophisti- 
cated testing and monitoring equip- 
ment, Staffed by nurses trained in 
exercise physiology and cardiac re- 
habilitation, and operational within 
your hospital in less than 90 days. 

For further details, call or write to: 
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4950 Wilson Lane 
Mechanicsburg, Pa. 17055 / 717/687-8211 
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introducing 
new Catapres 


(clon Te ne hyd rochloride) Tablets of 0.1 and 0.2 mg 


an important new 
antihypertensive agent 


Effective in a wide range of 
hypertensive patients 


Mild and infrequent orthostatic effects 


Does not alter normal hemodynamic 
responses to exercise 


Renal blood flow and glomerular filtration 
rate essentially unchanged 


Mild to moderate potency 


The most common side effects — dry mouth, 
drowsiness, and sedation — generally 
tend to diminish with continued therapy. 


ther adverse reactions are listed in the summary 
of the prescribing information on the adjacent page. 


Boehringer Ingelheim Ltd 
Elmsford, New York 10523 





new Catapres® 


(clonidine hydrochloride) 

Tablets of 0.1 mg and 0.2 mg 

Indication: The drug is indicated in the treatment 
of hypertension. 

Warnings: Tolerance may develop in some patients 
necessitating a reevaluation of therapy. 

Usage in Pregnancy: In view of embryotoxic find- 
ings in animals, and since information on possible 
adverse effects in pregnant women is limited to 
uncontrolled clinical data, the drug is not recom- 
mended in women who are or may become pregnant 
unless the potential benefits outweigh the potential 
risk to mother and fetus. 

Usage in Children: No clinical experience is avail- 
able with the use of Catapres (clonidine hydro- 
chloride) in children, 

Precautions: When discontinuing Catapres 
(clonidine hydrochloride), reduce the dose gradu- 
ally over 2 to 4 days to avoid a possible rapid rise 
in blood pressure and associated subjective symp- 
toms such as nervousness, agitation, and headache. 
Patients should be instructed not to discontinue 
therapy without consulting their physician. Rare 
instances of hypertensive encephalopathy and 
death have been recorded after cessation of 
clonidine hydrochloride therapy. A causal relation- 
ship has not been established in these cases. It has 
been demonstrated that an excessive rise in blood 
pressure, should it occur, can be reversed by 
resumption of clonidine hydrochloride therapy or by 
intravenous phentolamine. Patients who engage in 
potentially hazardous activities, such as operating 
machinery or driving, shculd be advised of the 
sedative effect. This drug may enhance the CNS- 
depressive effects of alcchol, barbiturates and other 
sedatives. Like any other agent lowering blood 
pressure, clonidine hydrochloride should be used 
with caution in patients with severe coronary insuf- 
ficiency, recent myocardial infarction, cerebro- 
vascular disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Catapres (clonidine hydro- 
chloride) should receive periodic eye examinations. 
While, except for some dryness of the eyes, no drug- 
related abnormal ophthalmologic findings have 
been recorded with Catapres, in several studies the 
drug produced a dose-dependent increase in the 
incidence and severity of spontaneously occurring 
retinal degeneration in albino rats treated for 
6 months or longer. 

Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Constipa- 
tion, dizziness, headache, and fatigue have been 
reported. Generally these effects tend to diminish 
with continued therapy. The following reactions 
have been associated with the drug, some of them 
rarely. (In some instances an exact causal relation- 
ship has not been established). These include: 
Anorexia, malaise, nausea, vomiting, parotid pain, 
mild transient abnormalities in liver function tests; 
one report of possible drug-induced hepatitis with- 
out icterus and hyperbilirubinemia in a patient 
receiving clonidine hydrochloride, chlorthalidone 
and papaverine hydrochloride 

Weight gain, transient elevation of blood glucose, 
or serum creatine phosphokinase; congestive heart 
failure, Raynaud's phenomenon; vivid dreams or 
nightmares, insomnia, other behavioral changes, 
nervousness, restlessness, anxiety and mental 
depression. Also rash, angioneurotic edema, hives, 
urticaria, thinning of the hair, pruritus not associ- 
ated with a rash, impotence, urinary retention, 
increased sensitivity to alcohol, dryness, itching or 
burning of the eyes, dryness of the nasal mucosa, 
pallor, gynecomastia, weakly positive Coombs' test, 
asymptomatic electrocardiographic abnormalities 
manifested as Wenckebach period or ventricular 
trigeminy. 

Overdosage: Profound hypotension, weakness, 
somnolence, diminished or absent reflexes and 
vomiting followed the accidental ingestion of 
Catapres (clonidine hydrochloride) by several 
children from 19 months to 5 years of age. Gastric 
lavage and administration of an analeptic and 
vasopressor led to complete recovery within 

24 hours. Tolazoline in intravenous doses of 10 mg 
at 30-minute intervals usually abolishes all effects 
of Catapres (clonidine hydrochloride) overdosage. 
How Supplied: Catapres, brand of clonidine hydro- 
chloride, is available as 0.1 mg (tan) and 0.2 mq 
(orange) oval, single-scored tablets in bottles of 100. 

For complete details, please see full prescribing 
information. 

Under license from Boehringer Ingelheim GmbH 
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CUSTOM MADE 
VOLUME FILES 


for your copies of 


THE AMERICAN JOURNAL OF CARDIOLOGY 
THE AMERICAN JOURNAL OF MEDICINE 
THE AMERICAN JOURNAL OF SURGERY 





Designed to keep your journals orderly 
and readily accessible for reference. 
Sturdily constructed to guard against soil- 
ing, tearing or misplacement. Comes in 
a rich, washable simulated leather material 
with gold embossed lettering. 


Please specify title of publication and 
quantity of volume files when ordering. 


Prices: $4.25 each, 


3 for $12.00, 6 for $22.00 
U.S.A. ORDERS ONLY. 


JESSE JONES BOX CORP. 
Department YP 
P.O. Box 5190 
Philadelphia, Pa. 19141 
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AS SUBLINGUAL 


CHEWABLE 
SORBITRATE suc. 


ISOSORBIDE DINITRATE 


Offers all the benefits SUMNAR OF Pnesai 
you'vecometoexpectof ss 
sublingual ISDN: st ge ped 


| ] acts justas fast for thera- 
peutic use...within 2 minutes 


L] acts justas long for 
prophylaxis...up to 2 hours 


Indications: Based oi 
National Acaden | 
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Warnings: 


(Can be stored or carried with no early days of the acute phase. 
significant loss of potency.) forming. 

; Precautions: Should b 

Nave glauci a. | 

nitrates may occur 

Adverse Reactions: Headache v 
persistent. Lowering the d ! 
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Offers these unique Dosage and Administration: Roulo Subir 
advantages over the which may occasionally be severe W 
sublingual form; I. | 

Natural chewing action 

stimulates saliva secretion... 

L] helps dissolve medication 

more easily 

|_| helps distribute nitrate 

over a larger mucosal area an lis recomm 

L] helps avoid "dry-mouth" STUART PHARMACEUTICALS 

problems Wilmington, Delaware 19897 
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He has a“heart condition" 
but no demonstrable 





[n patients with no evidence of 
organic heart disease, periods of 
excessive anxiety may give rise, in 
some instances, to cardiac com- 
plaints with EKG variations indica- 
tive of functional disturbance, e.g., 
sinus tachycardia and premature 
systoles. Because such symptoms 
tend to generate even further anxi- 
ety, it may take substantial and 
repeated reassurance before the 
patient will accept the fact that he 


reactivity. 


heart disease. 


that his disturbing cardiac com- 
plaints stem primarily from exces- 
sive anxiety and emotional over- 


Librium (chlordiazepoxide HCl) 
combines high therapeutic effective- 
ness with a wide margin of safety. 

Seldom interferes with patient s 
usual activities. 

And is used with many cardio- 
vascular drugs when concomitant 
antianxiety therapy is indicated. 


does not have organic disease—and (See Precautions below.) 


To relieve excessive anxiety 
in functional heart complaints 


Librium 10 
(chlordiazepoxide HC 


I 
lor2 capsules t.i.d./q.i.d. 


Before prescribing, please consult 
complete product information, a 
summary of which follows: 


Indications: Relief of anxiety and 
tension occurring alone or accom- 
panying various disease states. 


Contraindications: Patients with 
known hypersensitivity to the drug. 


Warnings: Caution patients about 
possible combined effects with alco- 
hol and other CNS depressants. As 
with all CNS-acting drugs, caution 
patients against hazardous occupa- 
tions requiring complete mental 
alertness (e.g., operating machinery, 
driving). Though physical and psy- 
chological dependence have rarely 
been reported on recommended 
doses, use caution in administering 
to addiction-prone individuals or 
those who might increase dosage; 
withdrawal symptoms (including 
convulsions), following discontinua- 
tion of the drug and similar to those 
seen with barbiturates, have been 
reported. Use of any drug in preg- 
nancy, lactation, or in women of 
childhearine age reauires that its 


its possible hazards. 

Precautions: In the elderly and debili- 
tated, and in children over six, limit 
to smallest effective dosage (initially 
10 mg or less per day) to preclude 
ataxia or oversedation, increasing 
gradually as needed and tolerated. 
Not recommended in children under 
six. Though generally not recom- 
mended, if combination therapy with 
other psychotropics seems indicated, 


carefully consider individual pharma- 


cologic effects, particularly in use of 
potentiating drugs such as MAO in- 
hibitors and phenothiazines. Observe 
usual precautions in presence of 
impaired renal or hepatic function. 
Paradoxical reactions (e.g., excite- 
ment, stimulation and acute rage) 
have been reported in psychiatric 
patients and hyperactive aggressive 
children. Employ usual precautions 
in treatment of anxiety states with 
evidence of impending depression; 
suicidal tendencies may be present 
and protective measures necessary. 
Variable effects on blood coagulation 
have been reported very rarely in 
patients receiving the drug and oral 


mg 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley. New Jersey 07110 


has not been established clinically. 
Adverse Reactions: Drowsiness, ataxia 
and confusion may occur, especially 
in the elderly and debilitated. These 
are reversible in most instances by 
proper dosage adjustment, but are 
also occasionally observed at the 
lower dosage ranges. In a few in- 
stances syncope has been reported. 













Also encountered are isolated in- QN T 
stances of skin eruptions, edema „f, i isse 
minor menstrual irregularities, AS T 
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nausea and constipation, extra j 
ramidal symptoms, increased afd: | 
decreased libido—all infrequentatd (LIBRA 
generally controlled with dosag& res. \ 


duction; changes in EEG patterns “%7 bd 
(low-voltage fast activity) may appears 77. 
during and after treatment; blood X ü; ud 





dyscrasias (including agranulocyto- 
sis), jaundice and hepatic dysfunc- 
tion have been reported occasionally, 
making periodic blood counts and 
liver function tests advisable during 
protracted therapy. 

Supplied: Librium® Capsules contain- 
ing 5 mg, 10 mg or 25 mg chlor- 
diazepoxide HCI. Libritabs® Tablets 
containing 5 mg, 10 mg or 25 mg 
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Intropin usually turns on: 
Increased perfusion of vital organs 


Multiclinic trials have demonstrated that Intropin provides 
adequate perfusion of vital organs. This is based upon a number 
of clinical parameters including an increase in urine flow which 
appears to be one of the better diagnostic signs of increased 
vital organ perfusion. 


Increased urine output 


Intropin significantly increases urine flow. This is in contrast to 
most other sympathomimetic amines, which usually cause little 
or no significant increase in urine output. 

This increased urine output is due to increases in glomerular 
filtration rate and renal blood flow and is accompanied by 
increased sodium excretion. Intropin may also increase urine 
flow in patients whose urine output is within normal limits and 
may promote diuresis usually with no decrease in osmolaiity. 

At doses above those optimal for the individual patient, urine 
flow may decrease, necessitating reduction of dosage. 


Increased cardiac output 


Intropin acts predominantly on the beta receptors of the heart to 
substantially increase contractility, stroke volume and cardiac 
output, as confirmed by invasive technique. 


Increased blood pressure 


Hypotension due to inadequate cardiac output can be managed 
by administration of low to moderate doses of Intropin. Prognosis 
is better in patients whose blood pressure and urine flow have 
not undergone profound deterioration. Therefore, it is suggested 
that the physician administer Intropin as soon as a definite trend 
toward decreased systolic and diastolic pressure becomes 
evident. 
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^ new drug for low cardiac output and 
lypoperfusion in the shock syndrome. 


Intropin usually will not turn on: 


A substantial increase in tachyarrhythmias 


One investigator reported less than a 3% incidence of 
tachyarrhythmias in clinical trials of 270 patients. The 
tachyarrhythmias which occurred were easily managed. 


Excessive myocardial oxygen consumption 
Intropin produces less increase in myocardial oxygen 
consumption than isoproterenol. During administration of 
Intropin, the myocardial oxygen supply/demand ratio has usually 
remained stable. Intropin appears to meet additional myocardial 
oxygen requirements by increasing coronary flow. 


Increased total peripheral resistance 


Administration of Intropin, at low and intermediate dosages, 
generally does not increase total peripheral vascular resistance. 
Blood flow to peripheral vascular beds may decrease while 
mesenteric flow increases. 


Intropin is indicated for the correction of hemodynamic imbalances in the shock syndrome 
due to: myocardial infarction, trauma, endotoxic septicemia, open heart surgery, renal 
failure and chronic cardiac decompensation as in congestive failure. 

The pharmacological actions of Intropin appear to differ significantly from other 
catecholamines. Over 6 years of clinical trials at more than 30 teaching hospitals have 
shown that Intropin can increase cardiac output, vital organ perfusion and renal flow with a 
low incidence of undesirable effects. 

Patients most likely to respond adequately to Intropin are those in whom urine flow, 
myocardial function and blood pressure have not undergone profound deterioration. 
Multiclinic trials indicate that the shorter the time interval between onset of signs and 
symptoms and initiation of therapy with volume correction and Intropin, the better the 
prognosis. Survival rates are considerably improved when Intropin therapy is initiated 
within 4 hours of onset of symptoms. 

As with all potent drugs, Intropin must be administered under close medical supervision. 
It is administered only by I.V. drip after dilution in a suitable I.V. solution. 


Serious undesirable effects seldom occur 


In multiclinic studies, adverse reactions necessitated 
discontinuation of Intropin therapy in only 11 (296) of 526 patients. 


Before prescribing, see complete product information on the following page. 


| | NTROP IN dopamine HCI) 
9 ml. AMPUL / FOR I.V. INJECTION 


DESCRIPTION: INTROPIN (dopamine HCI) is 3,4-dihydroxyphenethylamine hydrochlo- 
ride, a naturally-occurring biochemical catecholamine precursor of norepinephrine. 
The chemical structure is: 


Y 


HO CH,CH,NH, + HCI 


C,H,,NO. « HCI HO Mol. Wt. 189.65 


.. Dopamine hydrachloride is a white, odorless crystalline powder, freely soluble in water 
and soluble in alcohol. It is sensitive to light, alkalis, iron salts and oxidizing agents. 
Each milliliter of sterile, pyrogen-free INTROPIN Injection contains 40 mg. of 
dopamine hydrechloride (equivalent to 32.96 mg. of dopamine base) in Water for 
Injection, USP, containing 1% sodium bisulfite as a preservative. 


. ACTIONS: INTROPIN exerts an inotropic effect on the myocardium resulting in an 

increased cardiac output. INTROPIN produces less increase in myocardial oxygen 
consumption than isoproterenol and its use is usually not associated with a tachy- 
. arrhythmia. Clinical studies indicate that INTROPIN usually increases systolic and 
pulse pressure with either no effect or a slight increase in diastolic pressure. Total 
peripheral resistance at low and intermediate therapeutic doses is usually unchanged. 
Blood flow to peripheral vascular beds may decrease while mesenteric flow increases. 
INTROP!N has also been reported to dilate the renal vasculature presumptively by 
activation of a “dopaminergic” receptor. This action is accompanied by increases in 
glomerular filtration rate, renal blood flow, and sodium excretion. An increase in 
urinary output produced by dopamine is usually not associated with a decrease in 
osmolality of the urine. 


_ INDICATIONS: |NTROPIN is indicated for the correction of hemodynamic imbalances 
present in the shock syndrome due to myocardial infarctions, trauma, endotoxic 
septicemia, open heart surgery, renal failure, and chronic cardiac decompensation 
as in congestive failure. 
_ Where appropriate, restoration of blood volume with a suitable plasma expander 
- or whole blood should be instituted or completed prior to administration of INTROPIN. 
Patients most likely to respond adequately to INTROPIN are those in whom physio- 
- logical parameters, such as urine flow, myocardial function and blood pressure, have 
. mot undergone profound deterioration. Multiclinic trials indicate that the shorter the 
- time interval between onset of signs and symptoms and initiation of therapy with 
. volume correction and INTROPIN, the better the prognosis. 


Poor Perfusion of Vital Organs—Urine flow appears to be one of the better 
diagnostic signs by which adequacy of vital organ perfusion can be monitored. 
Nevertheless, the physician should also observe the patient for signs of reversal of 
confusion or cematose condition. Loss of pallor, increase in toe temperature, and/ 
. or adequacy of nail bed capillary filling may also be used as indices of adequate 
dosage. Clinical studies have shown that when INTROPIN is administered before 
urine flow has diminished to levels approximating 0.3 ml./minute, prognosis is more 
favorable. Nevertheless, in a number o* oliguric or anuric patients, administration 
of INTROPIN has resulted in an increase in urine flow which in some cases reached 
normal levels. INTROPIN may also increase urine flow in patients whose output is 
within normal limits and thus may be of value in reducing the degree of pre-existing 
fluid accumulation. It should be noted that at doses above those optimal for the 
. individual patient, urine flow may decrease, necessitating reduction of dosage. 
Concurrent administration of INTROPIN and diuretic agents may produce an additive 
or potentiating effect. 


Low Cardiac Output—lIncreased cardiac output is related to INTROPIN's direct 
inotropic effect on the myocardium. Increased cardiac output at low or moderate 
doses appears to be related to a favorable prognosis. Increase in cardiac output has 
been associated with either static or decreased systemic vascular resistance (SVR). 
Static or decreased SVR associated with low or moderate increments in cardiac output 
- is believed to be a reflection of differential effects on specific vascular beds with 

increased resistance in peripheral beds (e.g. femoral) and concomitant decreases 
in mesenteric and renal vascular beds. Redistribution of blood flow parallels these 
changes so that an increase in cardiac output is accompanied by an increase in 
mesenteric and renal blood flow. In many instances the renal fraction of the total 
. cardiac output has been found to increase. Increase in cardiac output produced by 
INTROPIN is not associated with substantial decreases in systemic vascular resis- 
tance as may occur with isoproterenol. 


Hypotension—Hypotension due to inadequate cardiac outnut can be managed by 
administration of low to moderate doses of INTROPIN, which have little effect on 
SVR. At high therapeutic doses, INTROPIN's alpha adrenergic activity becomes more 
prominent and thus may correct hypotension due to diminished SVR. As in the case 
of other circulatory decompensation states, prognosis is better in patients whose 
blood pressure and urine flow have not undergone profound deterioration. Therefore, 
it is suggested that the physician administer INTROPIN as soon as a definite trend 
toward decreased systolic and diastolic pressure becomes evident. 


CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromo- 
cytoma. 


WARNINGS: INTROPIN should not be administered in the presence of uncorrected 
tachyarrhythmias or ventricular fibrillation. 

Do NOT add INTROPIN to any alkaline diluent solution, since the drug is inacti- 
vated in alkaline solution. 

Patients who have been treated with monamine oxidase (MAO) inhibitors prior 
to the administration of INTROPIN will require substantially reduced dosage. Dopa- 
mine is metabolized by MAO, and inhibition of this enzyme prolongs and potentiates 
the effect of INTROPIN. The starting dose in such patients should be reduced to at 
least one-tenth (1/10) of the usual dose. 


Usage in Pregnancy—Animal studies have revealed no evidence 


effects from INTROPIN. The drug may be used in pregnant women 
judgroent of the physician, the expected benefits outweigh the poten 
the fetus. 


Usage in Children—The safety and efficacy of this drug in chi 
been established. INTROPIN has been used in a limited number of ped 
but such use has been inadequate to fully define proper dosage and 
use. Further studies are in progress. 


PRECAUTIONS: Prior to treatment with INTROPIN, hypovolemia si 
corrected, if possible, with either whole blood or plasma as indicate! 

If a disproportionate rise in the diastolic pressure (i.e., a marked < 
pulse pressure) is observed in patients receiving INTROPIN, the infusi 
be decreased and the patient observed carefully for further evidence < 
vasoconstrictor activity, unless such an effect is desired. 

Although in clinical trials inadvertent subcutaneous infiltration di 
any evidence of necrosis, the usual precautions should 5e taken to avoid 

Close monitoring of the following indices—urine flow, cardiac out 
pressure—during INTROPIN infusion is necessary as in the case of 
agent. 
ADVERSE REACTIONS: The most frequent adverse reactions observ 
evaluation of INTROPIN included ectopic beats, nausea, vomiting 
anginal pain, palpitation, dyspnea, headache, hypotension, and va 
Other adverse reactions which have been reported infrequently were 
duction, bradycardia, piloerection, widened QRS complex, azotemia, 
blood pressure. 


DOSAGE AND ADMINISTRATION: 


WARNING: THIS IS A POTENT DRUG. IT MUST BE DILUTED BEFORE 
TION TO PATIENT. 


Suggested Dilution—Transfer contents of one ampul (5 ml. contai 

INTROPIN) by aseptic technique to sither a 250 ml. or 500 ml. bottle 

following sterile intravenous solutions: 

1) Sodium Chloride Injection, USP 

2) Dextrose 5% Injection, USP 

3) Dextrose (5%) and Sodium Chloride 
(0.9%) Injection, USP 

4) 5% Dextrose in 0.45% Sodium Chloride 
Solution 


These dilutions will yield a final concentration for acministration as 
250 mi. dilution contains 800 mcg./ml. of INTROPIN 
500 mi. dilution contains 400 mcg./ml. of INTROPIN 


INTROPIN has been found to be stable for a minimum of 24 hours 
in the sterile intravenous solutions listed above. However, as with i 
admixtures, dilution should be made just prior to acministration. 

Do NOT add INTROPIN Injection to 5% Sodium Bicarbonate or 
intravenous solutions, since the drug is inactivated in alkaline solut 


Rate of Administration—INTROPIN, after dilution, is administered 
through a suitable intravenous catheter or needle. An kv. drip cha 
suitable metering device is essentia! for controlling the rate of flow in 
Each patient must be individually titrated to the desired hemodynami 
response with INTROPIN. In titrating to the desired increase in systo 
sure, the optimum dosage rate for renal response may be exceeded, tl 
ing a reduction in rate after the hemodynamic condition is stabilizet 

Administration at rates greater than 50 mcg/kg /min. have safı 
in advanced circulatory decompensation states. If unnecessary fluid € 
concern, adjustment of drug concentration may be preferred over incre 
rete of a less concentrated dilution. 


Suggested Regimen: 


1. When appropriate, increase blcod volume with whole blood or 
one venous pressure is 10 to 15 cm H,O or pulmonary wedge pre 
mm Hg. 
2. Begin administration of diluted solution at doses of 2-5 m 
INTROPIN in patients who are likely to respond to modest increments 
and renal perfusion. 

In more seriously ill patients begin administration of diluted soluti 
5 mcg./kg./ minute INTROPIN and increase gradually using 5 to 10 mi 
increments up to 20 to 50 mcg./kg./minute as needed. If doses o' 
excess of 50 mcg./kg./minute are required, it is suggested that ul 
checked frequently. Should urine flow begin to decrease in the abs 
tension, reduction of INTROPIN dosage should be considered. Multicli 
shown that more than 50% of the patients were satisfactorily maint 
of INTROPIN less than 20 mcg./kg./minute. In patierts who do not re 
doses with adequate arterial pressures or urine flow, additional inci 
TROPIN may be employed in an effort to produce an appropriate ar 
and central perfusion. 
3. Treatment of all patients requires constant evaluation of therapy i 
blood volume, augmentation of myocardial contractility, and c 
peripheral perfusion. Dosage of INTROPIN should be adjusted acc 
patient's response. 
4. As with all potent intravenously administered drugs, care shoul 
control the rate of administration so as to avoid inadvertent admit 
bolus of drug. 
OVERDOSAGE: In case of accidental overdosage, as evidenced by e 
pressure elevation, reduce rate of administration or temporarily discc 
PIN until patient's condition stabilizes. Since INTROFIN's duration of 
short, no additional remedial measures are usually necessary. If these 
to stabilize the patient's condition, use of the short-acting alpha adre! 
agent, phentolamine, should be considered. 


HOW SUPPLIED: 5 ml. ampuls containing 40 mg. dopamine HCI per mi 


ARNAR-STONE LABORATORIES, INC 
A Subsidiary of American Hospital Supply Corpo 
Mount Prospect, Illinois 60056 


5) Dextrose (596) in Lac 
Solution 

6) Sodium Lactate (1/6 
Injection, USP 

7) Lactated Ringer's Inje 
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Thrombe 
embolism 


The Silent Threat 


“Thrombotic phenomena now occupy first 
place as a complicating factor, if not the 
cause, of mortality as determined in all autopsy 
series in the United States today. Thrombotic 
disease has become an increasingly impor- 
tant cause of disability and death as infectious 
diseases have responded to chemotherapy 
and as public health measures have become 
increasingly effective." 


Contributing to the seriousness of the problem 
is the fact that "At present there is no satisfac- 
tory technique for the recognition in man of the 
incipient or active thrombotic state.”' There 
are, however, a number of factors which are 
known to predispose to thrombus formation 
and potentially fatal embolism. Recognition of 
these factors, plus the application of adequate 
prophylactic and therapeutic measures, could 
contribute significantly toward decreasing the 
morbidity and mortality caused by the silent 
threat.’ 





The population at risk 


Although such modern techniques as 
isotopic lung scanning, the radioactive 
fibrinogen uptake test, and the Doppler 
ultrasound flow detector show promise 
of permitting early detection of 
thrombus formation, it is generally 
agreed that these methods are not 
completely accurate as diagnostic 
tools, nor are they practical for large- 
scale patient screening. As a result, 
most physicians rely on the presence 
of known predisposing factors as a 
means of identifying patients who are 
especially prone to venous thrombosis 
and pulmonary emboli. 





The high risk groups 


As one authority has noted, these high | 
risk "...groups include severely injured A [ e 
patients, particularly those over age 50 pu x pos 
who have fractures of the pelvis, hip, or 
lower extremities; those undergoing 
elective cup arthroplasty or pelvic 
surgery; those immobilized or com- 
pletely bedridden; those with a pre- 
vious history of venous thrombosis or 
pulmonary embolism; those with 
severe obesity or congestive heart fail- 
ure, or any combination of the above 
categories. * 


Myocardial infarction: 
a special high risk category 


Patients with acute myocardial infarction 
comprise another high risk group, espe- 
cially if they have "...large transmural 
infarctions, previous infarction or angina, 
severe hypotension or shock, congestive 
heart failure, chronic atrial fibrillation, or 
past history of venous thrombosis or 
embolism”? 





In patients with conditions known to predispose 
them tc thrombosis and potentially fatal pulmonary 
embolism — the high risk groups — the use of anti- 
coagulant therapy can be of significant benefit. As 
one investigator recently remarked: "If [the physi- 
cian] believes that the risk of embolism is high he 
should use the only proved form of prevention, 
anticoagulation."* 


With special regard to pulmonary embolism, it has 
been noted that "...a pulmonary infarct proves the 
existence of intravenous thrombosis and should 
be considered as a warning of possible further 
emboli. It is generally accepted that diagnosis of 
pulmonary infarction justifies the immediate appli- 
cation of anticoagulant therapy. Heparin is usually 
used initially, then oral anticoagulants (most com- 
monly warfarin). The length of such therapy is 
often arbitrary, averaging four to six weeks, but 
depends on the extent and chronicity of the 
venous disease, whenever these can be deter- 
mined." * 


Myocardial infarction: 
a special case 
for longer term therapy 


Following acute myocardial infarction patients are 
especially prone to such thromboembolic compli- 
cations as mural and venous thrombosis and pul- 
monary and systemic emboli. The increased risk is 
due tc reduced cardiac output, reduced arterial 
perfusion of the limbs, hypercoagulability (in the 
presence of cardiac ischemia), and venous pool- 
ing in the lower limbs — all of which may induce 
venous stasis leading to potentially fatal thrombus 
formation and embolization. 


Because of the great risk of thromboembolic 
complications after myocardial infarction, anti- 
coagulant therapy is widely recommended. As 
noted in a recent study, "...an excellent case can 
be made for the use of anticoagulants for the 
prevention of thromboembolic complications [fol- 
lowing acute myocardial infarction]. "^ 


Therapyto lessenthe risk 


With regard to duration of therapy, althoi 
is no consensus, it is generally agreed tl 
coagulants should be given for as long i 
able benefits persist. In a study of 735 7 
infarction patients treated with COUMAL 
another coumarin derivative: "Results in: 
anticoagulant therapy reduces the deat! 
nificantly during the first three years afte 
myocardial infarction. However, survival 

verge after the third year, and by the fiftr 
there is no difference in survival of treate 
untreated groups. Therapy appeared to 
effective in patients who had experience 
than one infarction. The incidence of rec 
infarction and congestive heart failure w 
the group treated with anticoagulants. ^ 


Another investigator expressed his opini 
duration of therapy by remarking that ".. 
patients on anticoagulants during the ac 
of myocardial infarction can logically be 
them for 2 or 3 years when feasible. Sucl 
ment can be recommended especially t 
under age 55 and to men who have had 
previous history of angina pectoris, myoc 
infarction, or both, since they are the one 
likely to benefit."* 
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Please refer to brief summary of prescribing information on last page of this advertisement. 


COUMADIN (crystalline sodium warfarin) BRIEF SUMMARY 


EFFECTIVENESS: Coumadin® (crystalline sodium warfarin) is indi- 
cated for the prophylaxis and treatment of venous thrombosis and its 
extension, the treatment of atrial fibrillation with embolization, the 
prophylaxis and treatment of pulmonary embolism, and as an 
adjunct in the treatment of coronary occlusion. 
'CONTRAINDICATIONS: Hemorrhagic blood dyscrasias. Recent 
or contemplated surgery of: (1) central nervous system; (2) eye; (3) 
traumatic surgery resulting in large open surfaces. Bleeding ten- 
dencies associated with active ulceration or overt bleeding of: 
(1) gastrointestinal, genitourinary or respiratory tracts; (2) cerebro- 
vascular hemorrhage; (3) aneurysms — cerebral, dissecting aorta; (4) 
pericardial effusions; (B) subacute bacterial endocarditis. Threat- 
ened abortion, eclampsia and preeclampsia. Inadequate labora- 
tory facilities, or lack of patient cooperation. Miscellaneous: 
polyarthritis, vitamin C deficiency, major regional block anesthesia. 


WARNINGS: Administration of anticoagulants in the following con- 
ditions will be based upon clinical judgment in which the risk of 
hemorrhage due to anticoagulants is weighed against the risk of 
thrombosis or embolization in untreated cases. The following may be 
associated with increased risk of hemorrhage: Pregnancy — oral 
anticoagulants pass through the placental barrier, and the danger of 
hemorrhage to the fetus exists even to the point of fatal hemorrhage 
in utero, even in the accepted therapeutic range of maternal 
prothrombin level. Close observation and laboratory control are 
essential. Lactation — coumarins may pass into the milk of mothers 
and cause a prothrombinopenic state in the nursing infant. 
Prolonged dietary deficiency (cachexia, vitamin K). Severe to 
moderate hepatic or renal insufficiency. Infectious diseases or 
disturbances of intestinal flora — sprue, antibiotic therapy. Severe 
trauma of head, bones or muscles associated with extreme raw sur- 
faces. Surgery resulting in large exposed raw surfaces. Indwelling 
catheters. Spinal puncture. Severe to moderate hypertension. 
Miscellaneous: polycythemia vera, vasculitis, severe diabetes, 
menometrorrhagia, allergic and anaphylactic disorders. 

Abrupt cessation of anticoagulant therapy is not generally recom- 
mended; taper dose gradually over three to four weeks. 
PRECAUTIONS: Periodic determination of prothrombin time is 
essential. 

Numerous factors, alone or in combination, including travel, 
changes in diet, environment, physical state and medication 
may influence response of the patient to anticoagulants. It is 
generally good practice to monitor the patient's response with 
additional prothrombin time determinations whenever other 
medications are initiated, discontinued or taken haphazardly. 
The following factors are listed for your reference; however, 
other factors may also affect the prothrombin response. 

The following factors, alone or in combination, may be 
responsible for increased prothrombin time response: 

ENDOGENOUS FACTORS: Carcinoma; collagen disease; conges- 
tive heart failure; diarrhea; elevated temperature; hepatic disorders 
— infectious hepatitis, jaundice; poor nutritional state; vitamin K 
deficiency — steatorrhea. 

EXOGENOUS FACTORS: Alcoholt; allopurinal; anabolic steroids; 
antibiotics; bromelains; chloral hydratet; chlorpropamide; chymo- 
trypsin; cinchophen; clofibrate; Coumadin® (crystalline sodium war- 
farin) overdosage; dextran; dextrothyroxine; diazoxide; dietary 
deficiencies; diureticst; disulfiram; drugs affecting blood elements; 
ethacrynic acid; glucagon; hepatotoxic drugs; indomethacin; inhala- 
tion anesthetics; mefenamic acid; methylphenidate; monoamine 
oxidase inhibitors; nalidixic acid; oxyphenbutazone; phenylbu- 
tazone; phenyramidol; prolonged hot weather; prolonged narcotics; 
quinidine; quinine; salicylates (in excess of 1 Gm/day); sulfin- 
pyrazone; sulfonamides, long acting; thyroid drugs; tolbutamide; 
triclofos sodium; unreliable prothrombin time determinations. 
tincreased and decreased prothrombin time responses have been reported. 


The following factors, alone or in combination, may be 
responsible for decreased prothrombin time response: 

ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary 
resistance to coumarin therapy; hyperlipemia; hypothyroidism. 

EXOGENOUS FACTORS: Adrenocortical steroids; alcoholt; ant- 
acids; antihistamines; barbiturates; chloral hydratet; chlordiazepox- 
ide; cholestyramine; Coumadin® (crystalline sodium warfarin) 
underdosage, diet high in vitamin K (vegetables, fish, fish oil, 
onions); diureticst; ethchlorvynol; glutethimide; griseofulvin; halo- 
peridol; meprobamate; oral contraceptives; paraldehyde; primidone; 
rifampin; unreliable prothrombin time determinations; vitamin C. 
tincreased and decreased prothrombin time responses have been reported. 


A patient may be exposed to a combination of the above factors, 
some of which may increase and some decrease his sensitivity to 
Coumadin. Because the net effect on his prothrombin time response 
may be unpredictable under these circumstances, more frequent 
laboratory monitoring is advisable. 


ADVERSE REACTIONS: Potential side effects of Coumadin® (crys- 
talline sodium warfarin) include: 1. Minor or major hemorrhage from 
any tissue or organ — which is an extension of the physiologic activity 
of prothrombinopenia. Bleeding during anticoagulant therapy does 
not always correlate with prothrombin activity. (See TREATMENT 
FOR OVERDOSAGE.) Bleeding which occurs when the prothrombin 
time is within the therapeutic range warrants diagnostic investigation 
since it may unmask a previously unsuspected lesion, e.g. tumor, 
ulcer etc. 2. Side effects other than hemorrhage are infrequent and 
consist of alopecia, urticaria, dermatitis, fever, nausea, diarrhea, 
hypersensitivity reactions and an extremely rare reaction consisting 
of hemorrhagic infarction and necrosis of the skin. 

TREATMENT FOR OVERDOSAGE: Excessive prothrombinopenia, 
with or without bleeding. is readily controlled by discontinuing 
Coumadin? (crystalline sodium warfarin), and if necessary, the oral 
or parenteral administration of vitamin Ki. The appearance of micro- 
scopic hematuria, melena, petechiae or oazing from nicks made 
while shaving are early manifestations of hypoprothrombinemia 
beyond a safe and satisfactory level. 

In excessive prothrombinopenia with mild or no bleeding, omis- 
sion of one or more doses of Coumadin® (crystalline sodium war- 
farin may suffice; and if necessary, smal! doses of vitamin Ki 
(Mephyton?* orally, 2.5 mg., will usually correct the problem. 

If minor bleeding persists, or progresses to frank bleeding, vitamin 
Kı (AquaMephyton**) in doses of 10 to 25 mg. may be given paren- 
terally. (Please note recommendations accompanying vitamin K 
preparations prior to use.) Fresh whole blood transfusions should be 
considered in cases of severe bleeding or prothrombinopenic states 
unresponsive to vitamin Ko. 

Resumption of Coumadin® (crystalline sodium warfarin) adminis- 
tration reverses the effect of vitamin Ki, and a therapeutic hypo- 
prothrombinemia level is readily obtained. 

*Trademark, Merck Sharp & Dohme. 


For complete prescribing information, including dosage and labo- 
ratory control, see package circular. 
SUPPLIED: Tablets: Coumadin® (crystalline sodium warfarin) for 
oral use, single scored, imprinted numerically with potency as 
follows: 2 mg. lavender, 22 mg. orange, 5 mg. peach, 7 Ye mg. yellow, 
10 mg. white, 25 mg. red. In bottles of 100 and 1000. Also available in 
Hospital Unit-Dose blister package of 100. Injection: Available as 
single injection units of amorphous sodium warfarin lyophilized for 
intravenous or intramuscular use in a box of 6 units, 50 mg.: Unit con- 
sists of 1 vial, 50 mg.; sodium chloride, 10 mg.; thimerosal, 0.2 mg. 
accompanied by a 2 ml. ampul Sterile Water for Injection. 75 mg.: 
Unit consists of 1 vial, 75 mg.; sodium chloride, 15 mg.; thimerosal, 
0.3 mg. accompanied by a 3 ml. ampul Sterile Water for Injection. 

Sterile Water for Injection contains no antimicrobial or other sub- 
stance, and it is not suitable for intravascular injection without first 
having been made approximately isotonic by the addition of a suit- 
able solute. Use only for reconstitution of the lyophilized product. 
Licensed by Wisconsin Alumni Research Foundation. U.S. Pat. No. 3,077,481 (Reissue No. 
25,856). Registered trademark of Wisconsin Alumni Research Foundation. 
Physician and Patient Aids Available on Request-— record charts 
for you, dosage calendars and instruction folders, including iden- 
tification cards, for your patients. For a free supply of any or all of 
these aids, ask your Endo representative or write to Director of Pro- 
fessional Services. 
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Endo Laboratories,Inc. GUPI 


Subsidiary of E. |. du Pont de Nemours & Co. (Inc.) 
Garden City, New York 11530 


"a life-saving measure In 





a substantial minority of patients” 


The Avco Intra-Aortic Balloon Pump 


...and the Sooner, the Better. 


The rationale of intra-aortic balloon 
pump (IABP) therapy in low-cardiac 
output conditions is widely accepted. 
By lowering pressure in the proximal 
aorta at the beginning of systole, myo- 
cardial work load is lessened. Also, by 
augmenting pressure during early 
diastole, pumping improves coronary 
perfusion and can open dormant col- 
laterals. Thus a better balance be- 
tween myocardial oxygen demand 
and consumption is obtained. 


Documented effectiveness 


The IABP's effectiveness is clinically proven in the treatment 
of cardiogenic shock and in weaning patients from cardiopul- 
monary bypass. It is a "lifesaving measure in a substantial 
minority of patients who would otherwise die of cardiogenic 
shock." Braunwald and Maroko* estimate that 20% of pa- 
tients who would otherwise die can be saved, while another 
20% can be stabilized for diagnosis and surgical intervention. 


IABP “significantly reduced the magnitude and extent of acute 
myocardial ischemic injury" "in animal studies. The authors 
preliminary clinical results also demonstrated reduced is- 
chemia as well as hemodynamic improvement. 


Time a critical factor 


Hemodynamic criteria to determine if a patient who seems to 
be going into cardiogenic shock is responding to treatment 
have been developed by Leinbach^ These criteria are a 
major contribution to the effective application of IABP treat- 
ment since early use of the system greatly increases the 
chances of success. Buckley and associates" used the IABP 
in 27 heart-surgery patients who went into shock upon ter- 
mination of cardiopulmonary bypass. Eighteen survived; 13 
are long term survivors. Best results occurred with initiation 
of IABP therapy early in the postoperative period. 


*Developed by Avco Corporation and 
manufactured for Roche Medical Electronics Division. 


setting. 








The IABP versus drugs 


Dunkman and others” have concluded 
that “catecholamines may actually in- 
crease ventricular dysfunction and ne- 
crosis’ whereas the |ABP’s enhancement 
of coronary perfusion and reduction of 
oxygen-consuming work in the left ven- 
tricle can save patients if applied before 
about 40% of the left ventricle is irre- 
trievably damaged. Moreover, IABP per- 
mits safe use of drugs if needed. 


AVCO, the most experienced 
system 


The internal counterpulsation system 
most widely used clinically is the Avco 
IABP. There are some very practical 
reasons for this dominance. 


Patented 3-chamber balloon design pre- 
vents end occlusion. 


QRS triggered synchronization with nor- 
mal and abnormal rhythms. 


Automatic reset for changes in interval 
or loss of R wave. 


Safety engineering with fail-safe venting, 
self-initiated trouble identification, and 
emergency compressor with inde- 
pendent power supply. 


Nationwide on-site service. 





1. Editorial. JAMA 224:245, 1973. 

2. Braunwald. E. and Maroko. PR. Ann. Int. Med 
76:659. 1972. 

3. Maroko. P.R. et al. Circulation 45:1150. 1972 

4. Leinbach. R.C.. quoted in Emerg. Med. 5:107. 1973 

5. Buckley, M.J. et al (abstract). Circulation 46. Suppl 
2:76. 1972 

6. Dunkman. WB. et al. Circulation 46:465, 1972 


Write for information on clinical experience and the annual Avco 
Pump Users’ Meeting. Your local representative can arrange an 
Avco IABP demonstration in either a clinical or experimental 


ROCHE MEDICAL ELECTRONICS DIVISION, HOFFMANN - LA ROCHE INC., CRANBURY, N.J. 08512 


runy siniciaca, quick 


American offers youa =o 
complete line of ECG 
electrode systems... 












American’s Infant 
Electrode and lead- 
wire with low 
profile connector. 
The first system 
designed for the 
special needs of 
pediatric ECG and 
apnea monitoring. 


Patient monitorin 
cables with up to fif- 
teen leads are avail- 
able from American. 



















The American Stress 
Test Electrode. The 
onl jen specifi- 
cally designed to meet 
the requirements 

of stress testing. 






American's ECG 
electrodes are pre- 
gelled, self-adherir 
and disposable. 


ECG monitoring is no place for compromises. 
That's why American offers you a choice of 
*no-compromise" electrode systems, each 
designed for a specific monitoring area. 


Lon$ Term System 


The majority of ICU/CCU'Ss in this 
a now depend on the American Long 
Term Electrode system. 

There are reasons for this overwhelming 
acceptance. This silver/silver chloride 
electrode is convenient to use and offers 
up to seven days of reliable, trouble-free 
monitoring performance. 

The things you don’t want... patient 
skin irritation, motion artifact and wide 
base lines . . . are the things this system 
invariably eliminates. 

The American Long Term Electrode sys- 
tem lets you devote more time to patient 
care, less time to fussing with electrodes. 





© 
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The American O.R. 
Electrode. High per- 
formance for short 
term monitoring. 


Stress Test System 


This is the first electrode and 
cable system designed for the 


rigors of stress test monitoring. 


The American Stress Test 
system minimizes problems 
with wide or unstable base 
lines, motion artifact and pos- 
sible hidden S-T depression. 

The silver/silver chloride 
electrodes are pregelled and 
disposable. 

hey are quickly and easily 
applied ... and they'll stay 
put, even on patients who 
perspire heavily. 

The quick disconnect cable 
and leadwires are fully shield- 
ed: Electrical interference is 
virtually eliminated; a damag- 
ed leadwire need not interrupt 
test continuity because it can 
be replaced in moments. 

American's system can 
make stress testing easier for 
the technician and more 


meaningful to the cardiologist. 


(Because of the Stress Test Elec:rode's special 


— 


The American Long 
Term Electrode. Pre- 
ferred by the major- 
ity of ICU/CCU's. 


E 
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Infant System 


Infants are special. So is 
American's Infant Electrode 
system: It puts a premium on 
comfort and reliable ECG or 
apnea monitoring. 

Despite its small size and 
unusually mild gel, the silver/ 
silver chloride Infant Elec- 
trode delivers up to 72 hours 
of the same high performance 
as American's adult Long 
Term Electrode. 

The low profile leadwire 
connector fastens to the elec- 
trode without putting pressure 
on the infant. 

Like all the other systems 
from American, the Infant 
Electrode and leadwire per- 
mits standardization of elec- 
trode connections throughout 
the hospital. You can enjoy 
the benefits of a system de- 
signed solely for monitoring 
infants with your present 
ECG equipment. 





.. because there's no 
such thing as an“all 
purpose” electrode. 





O.R. System 


This system answers the 
special needs of short term 
monitoring in operating and 
recovery rooms, or wherever 
there’s a need for high perform- 
ance on a short term basis. 

American’s O.R. Electrode 
delivers a strong signal and 
immediate base line stability. 

Best of all, this advanced 
electrode is fully compatible 
with your present monitoring 
que regardless of man- 
ufacturer or model. With the 
appropriate American lead- 
wire and cable, the electrodes 
used for monitoring in the 
O.R. can be left on the patient 
for monitoring in the recovery 
room. 


C Tle Manufactured in U.S.A. by NDM Corporation, Dayton, Ohio 45439 


Available through 


AMERICAN HOSPITAL SUPPLY 


^ America n’s fully 
-shielded patient 
cables are designed 
to permit standard- 
ization of electrode 
connections through- 
out your hospital. 



















Clinical Trial 
There's an American ECG 
electrode system ideally suited 
to your particular monitoring 
requirements. 

lease contact your Ameri- 
can Hospital Supply or NDM 
Representative and ask for: 
a A complete demonstration 
of an American electrode 
system. 
a A no obligation clinical 
trial. American will supply 
electrodes, leadwires and 
cables to adapt to your 
present monitoring units during 
the trial period. 
a A total inservice for your 
staff. 
a Information about our 
nationwide technical support 
program. 
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AMERICAN 


DOCUMENTED 
DILEMMA: 


Hidden 

Potassium Depletion 
And Associated 
Problems 


Negative total body potassium 
balaace with hypokalemia ıs a 
characteristic effect of all 
thiazide diuretics” 
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a simple answer to the hidden potassium dilemma 


x & GOOD TASTING KLORVESS OFFERS WHAT YOU 
AND YOUR PATIENT WANT: CONVENIENT POTASSIUM 
SUPPLEMENTATION WITH NO EXTRA CALORIES 


effervescent tablets * SIMPLE TO TAKE - Tablets dissolve in 3-4 oz. cold water 


Each tablet contains 20 mEq. each of potassium JN — ' j 
dnd chloride puppled by DOSSI AONGA * EFFERVESCENT SOLUTION —Reduces chance of G.I. irritation 
1.125 g., potassium bicarbonate 0.5 g .L-lysine 


hydrochloride 0 913 g * UNIT DOSE CONVENIENCE - Tablets individually foil wrapped 


THE BALANCED BENEFIT 
POTASSIUM AND CHLORIDE SUPPLEMENT 


1:1 ratio K* and CI” in solution 





KLORVESS 


effervescent tablets 


Description: Each dry effervescent tab- 
let contains 20 mEq. each of potassium 
and chloride supplied by potassium 
chloride 1.125g..potassium bicarbonate 
0.5 g.. L-lysine hydrochloride O 913 g 
Solution of the tablet in water provides 
the potassium and chloride available 
for oral ingestion as potassium chloride. 
potassium bicarbonate. potassium cit- 
rate. and L-lysine hydrochloride 
Indications: For prevention or correc- 
tion of potassium depletion and hypo- 
kalemic alkalosis. Especially useful 
when thiazide diuretics or corticoster- 
Oids cause excessive excretory potas- 
sium losses 

Contraindications: Severe renal impair- 
ment with oliguria or azotemia. un- 
treated Addisons disease. adynamia 
episodica hereditaria. acute dehydra- 
tion. heat cramps. and hyperkalemia 
from any cause 

Precautions: In response to a rise in the 
concentration of body potassium. renal 
excretion of the ion is increased. With 
normal kidney function. it is difficult, 
therefore. to produce potassium intoxi- 
cation by oral administration. However. 
potassium supplements must be admin- 
istered with caution. since the amount 
of the deficiency or daily dosage is not 
accurately known. Frequent checks of 
the clinical status of the patient, and 
periodic ECG and/or serum potassium 
levels should be made. High serum 
concentrations of potassium ion may 
cause death through cardiac depres- 
sion. arrhythmias or arrest. This drug 
should be used with caution in the pres- 
ence of cardiac disease Potassium sup- 
plements should be given cautiously to 
digitalized patients. To minimize the 
possibility of gastrointestinal irritation 
associated with the oral ingestion of 
concentrated potassium salt prepara- 
tions. patients should be carefully 
directed to dissolve each tablet com- 
pletely in the stated amount of water 
Adverse Reactions: Vomiting. diarrhea, 
nausea and abdominal discomfort may 
occur with the use of potassium salts 
The symptoms and signs of potassium 
intoxication include paresthesias of the 
extremities. flaccid paralysis. listless- 
ness. mental confusion. weakness and 
heaviness of the legs. fall in blood pres- 
sure. cardiac arrhythmias and heart 
block. Hyperkalemia may exhibit the 
following electrocardiographic ab- 
normalities: disappearance of the P 
wave, widening and slurring of QRS 
complex. changes of the S-T segment. 
and tall. peaked T waves 

Dosage and Administration: Adults: 1 
tablet (20 mEq. each of potassium and 
chloride) completely dissolved in 3 to 4 
ounces of cold water 2 to 4 times daily 
depending upon the requirements of 
the patient. The approximate minimum 
adult daily requirement of potassium is 
40 mEq. Deviations from this recom- 
mendation may be indicated. since no 
average total daily dose can be defined 
but must be governed by close obser- 
vation for clinical effects. NOTE: 
Klorvess should be taken with meals. 
Overdosage: Potassium intoxication 
may result from overdosage of potas- 
sium or from therapeutic dosage in 
conditions stated under “Contraindica- 
tions. Hyperkalemia. when detected. 
must be treated immediately because 
lethal levels can be reached in a few 
hours 


Treatment of Hyperkalemia: 

1. Dextrose solution. 10 or 25% con- 
taining 10 units of crystalline in- 
sulin per 20 g. dextrose, given |.V 
in a dose of 300 to 500 ml. in an 
hour 

2 Adsorption and exchange of potas- 
sium using sodium or ammonium 
cycle cation exchange resin. orally 
and as retention enema. (Caution 
Ammonium compounds should not 
be used in patients with hepatic 
cirrhosis.) 

3 Hemodialysis and peritoneal di- 
alysis 

4 The use of potassium-containing 
foods or medicaments must be 
eliminated. 

In cases of digitalization.too rapid a 
lowering of plasma potassium concen- 
tration can cause digitalis toxicity. 
How Supplied: 60 Tablets (2 Rx Units of 
30 effervescent tablets each). Each 
tablet is individually foil wrapped 


LABORATORIES y 


Division of Sandoz, Inc 
* | INCOLN, NEBRASKA 68501 


r 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


For your medical library... 


Symposiums reprinted from 


THE AMERICAN JOURNAL OF CARDIOLOGY 


Symposium on: 
Electrophysiologic Correlates of Clinical 


Arrhythmias (1972) 
Guest Editor: 


Charles Fisch, M.D. 


Pre-Hospital Phase of Acute Myocardial 


Infarction (1969) 
Guest Editors: 


Sidney Goldstein, 


MD. 


Arthur J. Moss, M.D. 
Human Heart Transplantation (1968) 


Guest Editors: Adrian Kantrowitz, M.D. 


Jordan D. Haller, M.D. 


Cardiac Tumors (1968) 
Guest Editor: 


Coronary Care Units (1967) 


John F. Goodwin, M.D. 


Guest Editors: Bernard Lown, M.D. 
John P. Shillingford, M.D. 


Diagnostic Ultrasound (1967) 
Guest Editor: 


Please tear off and mail. 


Bernard L. Segal, M.D. 


THE AMERICAN JOURNAL OF CARDIOLOGY 
P. O. Box 1172 

Radio City Station 
New York, N.Y. 10019 


Send me the following symposium reprints: 


Electrophysiologic Correlates of 


o 


DB E-L 


Enclosed is my check for $ 


Clinical Arrhythmias ....... 


Pre-Hospital Phase of Acute 


Myocardial Infarction....... 


Human Heart Transplantation 


Cardiac Tumors co nv e 
Coronary Care Units ....... 
Diagnostic Ultrasound ...... 


. mío * 





$8.00 


$5.00 
$5.00 
$5.00 
$5.00 
$5.00 








Name 
Address 
City State Zip 


(Please add appropriate sales tax if in New York State and 
New York City) 


Lo =m — — —— —— —— —— es es -—— es -—— X ee — ——— oe 


The art of antianginal therapy 


For centuries, treating the heart's ills has been the subtlest of 
arts. Even today, evaluating a drug for chronic angina 
pectoris involves the art of medicine as well as its science. 


Persantine — over a decade of use 


During more than a decade of clinical experience, 
compounding both science and art, Persantine has often 
been found useful in the long-term management of chronic 
angina pectoris.* It may: 


eliminate or reduce the frequency of anginal attacks 


improve exercise tolerance 


reduce nitroglycerin requirements 


Persantine — give enough — long enough 


The recommended dosage: 50 mg. t.i.d. atleast one hour 
before meals. Give enough, long enough — several weeks or 


longer of continuous therapy may be needed to see response. 


Persa nti ne: of 25 mg. 


dipyridamole 


the non-nitrate 
coronary vasodilator 


The Philosophical 
Sphere 

The philosophical 
sphere, according to 
Jakob Bóhme. The 
"true psychology” or 
forty questions about 
the soul (1620). 


"The heart set in the 
angle of the cross 
means the basis or 
center of the Divinity 
...that we may learn 
to distinguish the 
Divinity from nature, 
and that Christians 
may learn to under- 
stand the rebirth, how 
God in Christ, out cf 
his cruc fied heart, 
resurrected us." 





* INDICATIONS - Based on a review of 
this drug by the National Academy of 
Science-National Research Council 
and/or other information, FDA has clas- 
sified the indication as follows: 


“Possibly” effective: For long-term ther- 
apy of chronic angina pectoris. 
Prolonged therapy may reduce the 
frequency or eliminate anginal epi- 
sodes, improve exercise tolerance, and 
reduce nitroglycerin requirements. The 
drug is not intended to abort the acute 
anginal attack. 


Final classification of the less-than- 
effective indications requires further 
investigation. 


CONTRAINDICATIONS - No specific contra- 
indications are known. 


PRECAUTIONS - Since excessive doses can 
produce peripheral vasodilation, the drug 
should be used cautiously in patients with 
hypotension. 


ADVERSE REACTIONS - Adverse reactions 
are minimal and transient at recommended 
dosages. Instances of headache, dizziness, 
nausea, flushing, weakness or syncope, mild 
gastrointestinal distress and skin rash have 
been noted during therapy. Rare cases of 
what appeared to be an aggravation of an- 
gina pectoris have been reported, usually at 
the initiation of therapy. On those uncom- 
mon occasions when adverse reactions have 
been persistent or intolerable, with- 

drawal of medication has been followed 
promptly by cessation of undesirable 
symptoms. 


DOSAGE AND ADMINISTRATION - The rec- 
ommended dosage is 50 mg. (2 tablets) 
three times a day, taken at least one hour 
before meals. In some cases higher doses 
may be necessary but a significantly in- 
creased incidence of side effects is asso- 
ciated with increased dosage. Clinical 
response may not be evident before the sec- 
ond or third month of continuous therapy. 


For complete details, please see 
the full prescribing information. 
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In congestive heart 
failure... 


aldosteronism promotes 
edema. ‘The hyperaldosteronism 
present in the majority of patients with 
congestive heart failure...explains the low 
sodium excretion in urine, sweat, and saliva. 
Ultimately, of course, this retention of salt 
and water leads to edema. ' 


Aldactone (spironolactone) 
combats aldosteronism... 
promotes diuresis. 


"By administering spironolactone [Aldactone] 
over, say, three or four weeks, one may 
actually induce a greater sodium and water 
loss than with more powerful natriuretic 
agents....? 


Effective diuresis in 
edema of congestive heart failure 


Aldactone si r onolactone) 25-mg.tablets 


WE Produces gradual, positive, sustained diuresis, usually without 
causing acute volume depletion, and without rebound fluid retention. 


li Helps prevent potassium loss which may contribute to 
arrhythmias and digitalis toxicity. 


In congestive heart failure 


Aldactone 


(spironolactone) 25-mo. tabiets 


E Often sufficient alone. 


E May also be given daily along with — - 
a thiazide, furosemide or ethacrynic acid. 





Indications — Essential hypertension; edema of congestive heart failure, 
cirrhosis of the liver, the nephrotic syndrome and idiopathic edema. Some 
patients with malignant effusions may benefit from Aldactone (spironolac- 
tone), particularly when given with a thiazide diuretic. 

Contraindications — Acute renal insufficiency, rapidly progressing im- 
pairment cf renal function, anuria and hyperkalemia. 

Warnings — Potassium supplementation may cause hyperkalemia and is 
not indicated unless a glucocorticoid is also given. Discontinue potassium 
supplementation if hyperkalemia develops. Usage of any drug in women 
of childbeering age requires that the potential benefits of the drug be 
weighed against its possible hazards to the mother and fetus. 

Precautions— Patients should be checked carefully since electrolyte 
imbolance may occur. Although usually insignificant, hyperkalemia may be 
serious when renal impairment exists; deaths have occurred. Hyponatremia, 
manifested by dryness of the mouth, thirst, lethargy and drowsiness, 
together with a low serum sodium may be caused or aggravated, espe- 
cially whem Aldactone is combined with other diuretics. Elevation of BUN 
may occur, especially with preexisting renal impairment. Mild acidosis may 
occur. Reduce the dosage of other antihypertensive drugs, particularly the 
ganglionicblocking agents, by at least 50 percent when adding Aldactone 
since it potentiates their action. The physician should be alert to 
the possible onset of gynecomastia. 

AdverseReactions — Drowsiness, lethargy, headache, diarrhea and other 
gastrointestinal symptoms, maculopapular or erythematous cutaneous 
eruptions, urticaria, mental confusion, drug fever, ataxia, gynecomastia, 
inability te achieve or maintain erection, androgenic effects, including 
hirsutism, irregular menses and deepening voice. Adverse reactions are 
usually reversible. In rare instances gynecomastia may persist. 

Dosage and Administration—For essential hypertension in adults the 
initial daily dosage is 50 fo 100 mg. in divided doses. Aldactone may be 
combined with a thiazide diuretic if necessary. Continue treatment for two 
weeks or longer since the maximal response may not occur sooner. Adjust 
subsequent dosage according to response of patient. 

For edema in adults initial daily dosage is 100 mg. in divided doses. 
Continue medication for at least five days to determine diuretic response; 
add a thiazide or organic mercurial if adequate diuretic response has not 
occurred. Aldactone dosage should not be changed when other therapy 
is added. A daily dosage of Aldactone considerably greater than 75 mg. 
may be given if necessary. 

A glucocorticoid, such as 15 to 20 mg. of prednisone daily, may be desir- 
able for patients with extremely resistant edema which does not respond 
adequately to Aldactone and a conventional diuretic. Observe the usual 
precautions applicable to glucocorticoid therapy; supplemental potassium 
will often be necessary. Such patients frequently have an associated 
hyponatremia—restriction of fluid intake to | liter per day or administra- 
tion of mannitol or urea may be required (these measures are contra- 
indiccted in patients with uremia or severely impaired renal function). 
Mannitol is contraindicated in patients with congestive heart failure, and 
urea is contraindicated with a history or signs of hepatic coma unless 
the patient is receiving antibiotics orally to “sterilize” the gastrointestinal 
tract. 

Glucocorticoids should usually be given first to patients with nephrosis 
since Aldactone, although useful for diuresis, will not directly affect the 
basic pathologic process. 

For children the daily dosage should provide 1.5 mg. of Aldactone per 
pound of body weight. 

References: 

1. Genest, J., and Nawar, T.: Clinician: Congestive Heart Failure, Medcom” 
Learning Systems, New York, Medical Communications, Inc., 1972, pp. 42-49. 
2. Laragh, J. H.: Hosp. Pract. 5:43-50 (Nov:) 1970. 
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The unique 


Kato Powder 


potassium chloride supplement 
with the natural 
tomato juice flavor 


Description: Sprav-dried tomato powder containing 20 mEq 
potassium (equivalent to 1.5 Gm KCl) per measured dose with natural 
and synthetic flavors, spices and colors. Benzoic acid and potassium 
benzoate added as preservatives. When reconstituted as directed, makes 
à pleasantly flavored, low sodium tomato juice drink. 

Indications: The prevention or correction of potassium deficit, 
particularly when accompanied by hypochloremic alkalosis in conjunc- 
tion with thiazide diuretic therapy, in digitalis intoxication, or as the 
result of long-term corticosteroid therapy, low dietary intake of potas- 
sium, or excessive vomiting or diarrhea. 

Contraindications: Potassium is contraindicated in severe renal 
impairment involving oliguria, anuria or azotemia; in untreated Addi- 
son's disease, adynamia episodica hereditaria, acute dehydration, heat 
cramps, hyperkalemia from any cause. 

Precautions: Kato Powder is a concentrate and should be taken only 
after reconstituting with water as directed. Do. not use in patients with 
low urinary output or renal decompensation. Administer with caution; 
it is impossible accurately to assess the extent of potassium depletion, or 
the daily dose required. Excessive dosage may result in potassium intoxi- 
cation, Frequent checks of the clinical status af the patient, ECG and/or 
plasma potassium level should be made. High plasma concentrations 

of potassium ion may cause death through cardiac depression, arrhyth- 
mias or arrest. Use with caution in patients with cardiac disease. 
Adverse Reactions: Vomiting, diarrhea, nausea, and abdominal 
discomfort may occur. Gross overdosage may produce signs and symp- 
toms of potassium intoxication: mental confusion, listlessness, pares- 
thesia of the extremities, weakness and heaviness of lcys, flaccid 
paralysis, hyperkalemia, ECG abnormalities, fall in blood pressure, 
cardiac arrhythmias and heart block. The characteristic changes in the 
ECG are disappearance of the P wave, widening and slurring of QRS 
complex, changes of the S-T segment, tall peaked T waves, etc. 
Toxicity: Potassium intoxication may result from overdosage of 
potassium or from therapeutic dosage in conditions stated under 


“Contraindications”” Hyperkalemia, when detected, must be treated 
immediately because lethal levels can be reached in a few hours. 
Treatment of Hyperkalemia: |. Dextrose solution 10% or 25% 
containing 10 units of crystalline insulin per 20 Gm dextrose, given LV. 
in a dose of 300cc to 500cc in an hour. 2. Adsorption and exchange of 
potassium using sodium or ammonium cycle cation exchange resin, 
orally or as retention enema. 3. Hemodialysis or peritoneal dialysis. 

4. Elimination of potassium-containing foods and medicaments. 
Warning: Digitalis toxicity can be precipitated by lowering the plasma 
potassium concentration too rapidly in digitalized patients. 
Administration and Dosage: Mix with water to make a pleasant 
tomato juice drink. The unit dose packet and the dose-measure supplied 
in the can each provide 20 mEq of potassium. Usual adult dose—1 packet 
or | measure of Kato Powder mixed with about 2 ounces of water 

twice daily —supplies 40 mEq potassium per day. Take with meals or 
follow with % glass of water. Larger doses may be required, but should 

be administered under close supervision because of the possibility of 
potassium intoxication. 

How Supplied: 





8 oz can (40 doses) with 20 mEq dose-measure. 


. 
Ingram Pharmaceutical Company / San Francisco, Ca 94111 
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Kato Powder is KCl 
blended with natural 
tomato powder and subtle 
spices. Mixed with a mere 
2 ounces of cold water, 

it provides a dose of 
potassium chloride ina 
good tasting low sodium 
tomato juice drink. 
Refreshingly different. 
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Twenty-nine patients with angina-like chest pain and angiographically 
normal coronary arteries and left ventricle underwent rapid coronary 
sínus pacing with sampling of coronary sinus and arterial blood for lac- 
tate and recording of electrocardiograms and left ventricular pres- 
sures. In 25 patients immediate postpacing left ventricular cineangio- 
grams were obtained. Two groups were defined: 9 patients who 
showed evidence of myocardial lactate production and 20 who did not. 
The degree of S-T segment depression with pacing provided the only 
means of separating lactate producers (72 mm) from nonproducers 
(<1 mm). Left ventricular contractile abnormalities could not be in- 
duced by pacing in either group. The ability to elicit electrocardio- 
graphic and metabolic changes with pacing suggests that in some of 
these patients chest pain may be related to myocardial ischemia. The 
clinical value of identifying patients who exhibit this response remains 
uncertain. | 


Since coronary angiography has become a fairly routine procedure in 
the evaluation of patients with chest pain, a group of patients with 
angina-like chest pain and angiographically normal coronary arteries 
and left ventricle has been recognized.!-!? At present, the underlying 
pathophysiologic mechanisms are not clear. None of the postulated 
etiologic mechanisms of abnormalities in oxygen-hemoglobin disso- 
ciation curves, small vessel disease, coronary artery spasm or subtle 
cardiomyopathy have been established.??.9.11-1? Although diverse 
causes, including pain of noncardiac origin, have been suspected, no 
satisfactory means has been found to differentiate patients with this 
syndrome. 

This study was designed to determine (1) whether myocardial lac- 
tate production can be elicited commonly when rapid coronary sinus 
pacing is applied to all patients with angina-like chest pain and angi- 
ographically normal coronary arteries and left ventricle who are stud- 
ied sequentially; and (2) when lactate production is demonstrated, to 
assess its usefulness in separating such patients by defining its rela- 
tion to other signs of myocardial ischemia, including changes in the 
electrocardiogram and in measures of left ventricular function. 
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Materials and Methods 


Twenty-nine consecutive patients, aged 25 to 62 years 
(mean 41), with angina-like chest pain and angiographical- 
ly normal coronary arteries and left ventricle were studied. 
Although all patients were referred for coronary angiogra- 
phy because one or more physicians believed they had an- 
gina pectoris, most had a somewhat atypical history. 

Systolic time intervals were determined from rapid 
speed simultaneous recordings of a carotid pulse tracing, 
phonocardiogram and electrocardiogram and were correct- 
ed for heart rate using the regression equations of Weissler 
et al.!^ | 

Each patient underwent a treadmill exercise test. The 
treadmill speed and grade were progressively increased 
every 3 minutes and exercise was terminated when the pa- 
tient felt he could not continue. The appearance of 1 mm or 
greater S-T segment depression when the S-T segment re- 
mained horizontal longer than 60 msec was considered a 
positive test. 15-16 

In each patient a bipolar electrode catheter was placed in 
the coronary sinus. Pacing was started at a rate exceeding 
the patient's control heart rate, usually at 100/min, and the 
rate was increased by 10 beats every 15 seconds to 160 to 
180/min; pacing was continued until severe chest pain de- 
veloped or 10 minutes had elapsed. Atropine was given in 
doses of 0.8 mg intravenously as needed to abolish Wencke- 
bach conduction. Electrocardiographic leads II and V5 and 
left ventricular pressures were recorded before pacing, just 
before discontinuation of pacing and 10 and 20 minutes 
after pacing. Left ventricular pressures were recorded 
through fluid-filled catheters using Statham P23Db trans- 
ducers and an Electronics for Medicine DR-12 recorder. 
End-diastolic pressures were read from high amplification 
tracings. 

Coronary sinus and left ventricular or peripheral arteri- 
al blood was sampled for lactate simultaneously with the 
electrocardiographic recordings. Lactate was analyzed in 
duplicate from a perchloric acid-blood extract by an enzy- 
matic method.!? The myocardial extraction ratio for lactate 
was obtained from the formula: 


(Arterial lactate — coronary sinus lactate) X 100 
Arterial lactate 


Initially 33 patients with angina-like chest pain and an- 
giographically normal coronary arteries were studied, but 4 
patients were subsequently excluded because of unstable 
arterial lactate levels. An unstable level was defined as a 
difference between the highest and lowest values that ex- 
ceeded the mean for the entire group by more than 2 stan- 
dard deviations. 

Left ventricular cineangiograms were obtained before 
pacing and in 25 patients immediately after the cessation 
of rapid pacing. Sodium diatrizoate (Hypaque? 90 percent), 





1mm 2mm 3mm 4mm 


ST DEPRESSION 
FIGURE 1. S- T segment depression in lactate producers (open cir- 
cles) and nonproducers (closed circles ). 


35 to 40 ml, was injected with the patient in the 30? right 
anterior oblique position. Films were exposed at a rate of 
60 frames/sec with a 35 mm Arriflex camera mounted on a : 
Siemens 10 inch image intensifier. The paced hear: rate 
was abruptly decreased just before the second cineangio- 
gram in an attempt to simulate the heart rate that was 
present during the control cineangiogram. Left ventricular 
volumes were calculated from these single plane cineangio- 
grams using the area-length method.!9-?? Selective coro- 
nary cineangiography was performed during or a few days 
before the study. 


Results 


The patients were classified into two groups ac- 
cording to the presence or absence of myocardial lac- 
tate production. Nine patients had myocardial lac- 
tate production with pacing and 20 patients did not. 
The character and the duration of chest pain were 
similar in the two groups. Chest pain was completely 
typical of angina in only two lactate producers and in 
three nonproducers. 

The pertinent data from the physical examination, 
electrocardiogram and treadmill exercise test are 
summarized in Table I. The mean durations of tread- 
mill exercise were 5.5 + 1.8 (standard error of the 
mean) and 6.5 + 1.1 minutes for the lactate produc- 
ers and nonproducers, respectively. The respective 
maximal heart rates achieved in the two groups were 
145 + 10 and 154 + 5.2 beats/min. The chest X-ray 
films and systolic time intervals were normal in all 


TABLE | 


Clinical Findings 


Lactate Producers § Nonproducers 
(no. = 9) (no. = 20) 
S, 2 4 
Midsystolic click 3 0 
Midsystolic murmur 1 0 
ST-T wave changes 2 7 
Positive treadmill test 1 3 


TABLE Il 


Parameters of Left Ventricular Function (mean + standard 
error of the mean) 


Lactate Producers Nonproducers 
LV end-diastolic pressure 73 1* JÆ 
(mm Hg) 
LV systolic pressure 126 + 5.8 1242- 4 
(mm Hg) 
Ejection fraction 0.62+ 0.01 0.63 + 0.02 
LV end-diastolic volume 7(-b SE 86 + 3 
ml/m? 
Q-S, index 538 + 5.6 540 + 5.1 
Ejection time index 398+ 7.4 403 + 4.8 
Preejection period index 136 + 4.5 137 + 3.6 
PEP/LVET 0.40 + 0.93 0.39 + 0.02 





LV = left ventricular; PEP/LVET = ratio of preejection period 
to left ventricular ejection time. 
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patients (Table II). Selective cineangiographic stud- 
ies revealed normal coronary arteries in all patients. 
'The heart rate was increased almost equally by pac- 
ing in both groups, from 86 + 8 to 174 + 4 beats/min 
in the lactate producers and from 86 + 3 to 169 + 3 
beats/min in the nonproducers. The total durations 


TABLE Ill 


Lactate Nonproducers 











of pacing in the respective groups were 8.9 + 1.5 and 
9.3 + 1.4 minutes. 

S-T segment depression: All nine of the lactate 
producers had severe chest pain and S-T segment 
depression in one or both leads during pacing. Six pa- 
tients had 3 to 4 mm S-T segment depression; the 
other three patients had 1 to 2 mm S- T segment de- 
pression. Five of the nonproducers had 1 to 2 mm S- 
T segment depression and three had less than 1 mm 
depression during pacing. The other 12 patients had 
no S-T segment change with pacing. Although the 
chest pain that occurred during pacing in the lactate 
producers tended to be more severe than in nonpro- 
ducers, the quality and type of pain could not be re- 
liably used to separate the two groups. 

The groups could be separated by the degree of 
S-T segment depression observed during pacing. 
'Thus, all patients with more than 2 mm S- T segment 
depression with pacing had myocardial lactate pro- 
duction, whereas all patients with less than 1 mm S- 
T segment depression did not have lactate produc- 
tion. When 1 to 2 mm S- T segment depression was 
present there was an overlap, some patients having 
lactate production and others not (Fig. 1). 

Lactate extraction ratio: The arterial and coro- 
nary sinus lactate levels of the 20 patients who had 
no evidence of lactate production are shown in Table 
III. There was no significant difference between the 
resting myocardial lactate extraction ratios of pa- 
tients who had lactate production with pacing and 
those who did not. In the nine patients who produced 


TABLE IV 


Lactate Producers 


Control Pacing 10 Minutes 20 Minutes 


Case ia LL ER LL ER LL ER 





Postpacing 
Control Pacing 10 Minutes 20 Minutes 

Case LL ER LL ER LCs FR Bl ER 

no. (%) (%) (%) (%) 

1 A0.550 28 AO.506 11  A0.535 26 A0.556 29 
V 0.398 V 0.448 V 0.398 V 0.390 

2 A0.332 15 AO.332 13  AO0.347 15 ,A0:354 12 
V 0.282 V 0.289 V 0.296 V 0.311 

3 A0.400 20  A0.406 21  A0.400 24 A0.406 24 
V 0.326 V 0.320 V 0.301 V 0.308 

4 A0.550 41 AO.546 40 AO.579 44 AO.542 41 
V 0.326 V 0.340 V 0.326 V 0.318 

5 A0.434 37  ÀAO0.448 29 A0.478 35 A0.449 24 
V 0.275 V 0.318 V 0.311 V 0.340 

6 A0.498 36 A0.529 36  A0.492 34 AO0.492 29 
V 0.320 V 0.338 V 0.326 V 0.350 

7 0.338 24  AO0.338 14  A0.375 38 A0.363 37 
V 0.258 V 0.289 V 0.234 V 0.228 

8 A0.314 22  ÁAO0.332 28  AO0.332 29 AO0.326 30 
V 0.246 V 0.240 V 0.234 V 0.228 

9 A0.455 30  Á AO0.480 37  A0.467 37 AO0.492 37 
V 0.320 V 0.301 V 0.295 V 0.320 

10 A0.308 34  4A0.301 18  A0.320 33 A0.308 26 
V 0.203 V 0.246 V 0.215 V 0.228 

11 A0.326 13 AO.363 15 AO.344 14 
V 0.283 V 0.308 V 0.295 

12 440.504 36  A0.498 32  Á A0.517 31 AO0.523 35 
V 0.320 V 0.338 V 0.338 V 0.338 

13 A0.615 24  A0.609 21  A0.603 19 A0.609 31 
V 0.467 V 0.480 V 0.486 V 0.418 

14 A0.510 25  Á A0.498 25  A0.492 31 AO0.474 27 
V 0.381 V 0.375 V 0.338 V 0.344 

15 A0.578 14  A0.572 12  Á A0.590 17 A0.554 16 
V 0.498 V 0.504 V 0.492 V 0.467 

16 A0.449 25 A0.437 21 A0.437 17 AO0.406 21 
V 0.338 V 0.344 V 0.363 V 0.320 

17 A0.369 27  A0.357 31  A0.363 31 AO0.375 34 
V 0.271 V 0.246 V 0.252 V 0.246 

18  A0.455 16  A0.467 18  A0.492 25 A0.455 15 
V 0.381 V 0.381 V 0.369 V 0.387 

19 4A0.437 18  AO0.449 19  A0.449 18 AO0.461 20 
V 0.357 V 0.363 V 0.369 V 0.369 

20 A0.321 19  Á A0.376 29  A0.347 19 AO0.347 21 
V 0.260 V 0.274 V 0.282 V 0.274 


A — arterial; ER — extraction ratio; LL — lactate level (milli- 


moles/liter); V — venous. 


no. (90) (90) (96) (%) 

1 A0.376 15 AO0.376 —37 A0.383 —6  A0.369 —9 
V 0.318 V 0.574 V 0.405 V 0.405 

2 A0.405 32 A0.405 —30 A0.383 30 A0O.412 10 
V 0.274 V 0.528 V 0.268 V 0.274 

3 A0.338 5 40.357 —8 A0.34 7 AO.351 10 
V 0.320 V 0.387 V 0.320 V 0.314 

4 A0.381 22 A0.369 —95 A0.375 16 40.394 16 
V 0.295 V 0.720 V 0.314 V 0.332 

5 A0.578 23 AO0.560 —5 A0.566 21 40.590 25 
V 0.443 V 0.590 V 0.449 V 0.443 

6 A0.332 7 AO0.314 —4 A0.320 0 AO.314 2 
V 0.308 V 0.326 V 0.320 V 0.308 

7 A0.314 12 AO0.320 —2 A0.30 4 AQO.320 12 
V 0.277 V 0.326 V 0.289 V 0.283 

8 A0.357 45 A0.357 —19 A0.363 39 AQ0.320 29 
V 0.197 V 0.424 V 0.221 V 0.227 

9 AO0.376 14 A0.369 —4 AO0.390 5 AO0.376 10 
V 0.376 V 0.383 V 0.369 V 0.340 

A — arterial; ER — extraction ratio; LL — lactate level (milli- 


moles/liter); V — venous. 
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lactate the coronary sinus lactate level increased by 
an average of 0.160 + 0.044 millimoles/liter (P <0.01) 
and the myocardial lactate extraction ratio decreased 
by 42 percent (P «0.01) during pacing (Table IV). No 
patient had a negative extraction ratio in the resting 
state, and no patient had a significant reduction of 
lactate extraction during pacing without actually re- 
versing the ratio. 

Left ventricular function: The control values for 
left ventricular pressure, contractile pattern, volume 
and ejection fraction were normal and comparable in 
both groups of patients (Table II). Minimal and in- 
significant changes in end-diastolic pressure occurred 
in both groups during pacing and there were no sig- 
nificant differences between the two groups. The 
ejection fractions, end-diastolic volumes and contrac- 
tile patterns showed no significant change after pac- 
ing in either group. 


Discussion 


Although the chest pain that occurred in most of 
the patients in each group was somewhat atypical for 
angina, each patient had at least one typical feature 
and in a few patients the pain could not be distin- 
guished from classic angina pectoris. Since there were 
no differences between the two groups in results of 
the physical examination, electrocardiogram, chest 
X-ray film or treadmill exercise test, the patients 
could not be differentiated by clinical criteria. The 
only criterion that separated lactate producers from 
nonproducers was the degree of S- T segment depres- 
sion with pacing and this did not provide a clear sep- 
aration since there was an overlap of the two groups 
with S- T segment depression of 1 to 2 mm. 

Interpretation of ischemic changes: The combi- 
nation of chest pain, ST-T wave changes and lactate 
production that developed with rapid pacing in nine 
patients is consistent with the presence of myocardial 
ischemia, yet certain questions may arise in the inter- 
pretation of these data. First, would myocardial lac- 
tate production occur in normal persons subjected to 
a similar pacing stress? Although this possibility 
seems unlikely to us, we have not studied any asymp- 
tomatic normal subjects. Second, are minimal S-'T 
segment displacements rendered uninterpretable by 
the pacing artifact at fast rates, as previously re- 
ported??! 'This phenomenon may well occur with 
atrial pacing, especially unipolar pacing, but inspec- 
tion of our tracings obtained during rapid bipolar 


coronary sinus pacing has not revealed such distor- 
tion, probably in part because the P-R interval does 
not become so prolonged. 

The apparent development of myocardial ischemia 
during pacing but not with exercise in some of our 
patients may be related to our methods of pacing and 
exercise. Our mean pacing rates are somewhat higher 
than pacing rates used by others.??-?^ If 85 percent of 
the maximal heart rate for age?9 were used to define 
an adequate exercise test, only 3 of the 9 lactate pro- 
ducers and 10 of the 20 nonproducers would meet 
this criterion. These findings suggest a relatively low 
exercise tolerance in our patients. 

Ventricular function: In contrast to the electro- 
cardiographic and metabolic similarities between 
chest pain induced by pacing in our patients who had 
myocardial lactate production and the angina which 
occurs in patients with coronary disease, the observa- 
tions on left ventricular function were strikingly dif- 
ferent. Thus, although pacing-induced angina has 
frequently resulted in the appearance or enhance- 
ment of contraction abnormalities and in depression 
of ejection fraction in patients with coronary dis- 
ease,??:2477 no such change occurred in any of our pa- 
tients. 

Left ventricular end-diastolic pressure did not ap- 
pear to change during pacing in our patients, but this 
measurement may be unreliable and we are reluctant 
to comment on the presence of changes in ventricular 
compliance. 

Clinical implications: A group of patients with 
angina-like chest pain may include patients whose 
syndrome is caused by a variety of factors. One factor 
in this heterogeneity probably is the conflicting inter- 
pretations of the patients' histories by different phy- 
sicians. Thus, whereas referring physicians believed 
that all 29 of the patients we studied probably had 
angina pectoris, we could identify only 5 with classic 
angina. Whether the demonstration of myocardial 
lactate production with rapid coronary sinus pacing 
provides a clinically more valid means of classifying 
such patients remains uncertain, but further clarifi- 
cation may be forthcoming from long-term follow-up 
studies. 


Acknowledgment 


We express our appreciation to Mrs. Michelle Menduni, 
Mrs. Marlene Griffin, Miss Margaret Douglass, Mrs. Chris- 
tella Woody, Mrs. Jaleen Douglass and Mr. Fredric Davis. 


References 


1. Likoff W, Segal BL, Kasparian H: Paradox of normal selective 
coronary arteriograms in patients considered to have unmistak- 
able coronary heart disease. N Engl J Med 276:1063- 1066, 
1967 

2. Kemp HG, Elliott WC, Gorlin R: The anginal syndrome with nor- 
mal coronary arteriography. Trans Assoc Am Physicians 80: 
59-70, 1967 

3. Eliot RS, Bratt G: The paracox of myocardial ischemia and ne- 
crosis in young women with normal coronary arteriograms. 


Relation to abnormal hemoglobin-oxygen dissociation. Am J 
Cardiol 23:633-638, 1969 

4. Dwyer EM Jr, Wiener L, Cox JW: Angina pectoris in patients 
with normal and abnormal coronary arteriograms. Hemodynam- 
ic and clinical aspects. Am J Cardiol 23:936-946, 1969 

5. Waxler EB, Kimbiris D, Dreifus LS: The fate of women with nor- 
mal coronary arteriograms and chest pain resembling angina 
pectoris. Am J Cardiol 28:25-32, 1971 

6. Bemiller CR, Pepine CJ, Rogers K: Long-term observations in 


16. 


ya 


MYOCARDIAL LACTATE PRODUCTION AND CHEST PAIN—BOUDOULAS ET AL. 


patients with angina and normal coronary arteriograms. Circula- 
tion 47:36-43, 1973 


. Kemp HG, Vokonas PS, Cohn PF, et al: The anginal syndrome 


associated with normal coronary arteriograms—report of a six 
year experience. Am J Med 54:735-742, 1973 


. Arbogast R, Bourassa MG: Myocardial function during atrial 


pacing in patients with angina pectoris and normal coronary ar- 
teriocrams. Am J Cardiol 32:257—263, 1973 


. Kemp HG: Left ventricular function in patients with the anginal 


syndrome and normal coronary arteriograms. Am J Cardiol 32: 
375-376, 1973 


. Herman MV, Cohn PF, Gorlin R: Angina-like chest pain without 


identifiable cause. Ann Intern Med 79:445—447, 1973 


. Guy CR, Salhany JM, Eliot RS: Disorders of hemoglobin-oxygen 


release in ischemic heart disease. Am Heart J 82:824-832, 
1971 


. Dwyer EM, Dell RB, Cannon PJ: Regional myocardial blood 


flow in patients with angina and normal coronary arteries 
(abstr). Circulation 46:Suppl ll:ll-6, 1972 


. Cohen LS, Elliott WC, Klein MD, et al: Coronary heart disease. 


Clinical, cinearteriographic and metabolic correlations. Am J 
Cardio! 17:153—167, 1966 


. Weissier AM, Harris WS, Schoenfeld CD: Systolic time inter- 


vals insheart failure in man. Circulation 37:149—159, 1968 


. Doan AE, Peterson DR, Blackman JR, et al: Myocardial isch- 


emia after maximal exercise in healthy man. A method for de- 
tecting potential coronary heart disease. Am Heart J 69:11-21, 
1965 

Bruce RA, Mazzarella JA, Jordan JW Jr, et al: Quantification of 
QRS and ST segment responses to exercise. Am Heart J 71: 
455-466, 1966 

Horn HD, Bruns FJ: Quantitativ bestimmung von L (+) -Milch- 
saure mit Milchsaueredehydrogenase. Biochim Biophys Acta 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


21:378-381, 1956 

Sandler H, Dodge HT: The use of single plane angiocardio- 
grams for the calculation of left ventricular volume in man. Am 
Heart J 75:325-334, 1968 

Kasser IS, Kennedy JW: Measurement of left ventricular vol- 
umes in man by single plane cineangiography. Invest Radio! 4: 
83-90, 1969 

Dodge HT, Sandler H, Ballew DW, et al: The use of biplane an-- 
giocardiography for the measurement of left ventricular volume 
in man. Am Heart J 60:762-776, 1960 

Parker JO, Chiong MA, West RO, et al: Sequential alterations in 
myocardial lactate metabolism, ST segments and left ventricular 
function during angina induced by atrial pacing. Circulation 40: 
113-131, 1969 

Parker JO: Hemodynamic and metabolic changes during myo- 
cardial ischemia. Arch Intern Med 129:790-798, 1972 
Pasternac A, Gorlin R, Sonnenblick EH, et al: Abnormalities of 
ventricular motion induced by atrial pacing in coronary artery 
disease. Circulation 45:1195—1204, 1972 

Dwyer EM Jr: Left ventricular pressure-volume alterations in 
regional disorders of contraction during myocardial ischemia in- 
duced by atrial pacing. Circulation 42:1111—1122, 1970 

Linhart JW, Beller BM, Talley RC: Coronary artery disease: 
evaluation by the multistage treadmill exercise test and right 
atrial pacing. Chest 63:505-512, 1973 

Astrand PO, Rhyming I: A nomogram for calculation of aerobic 
capacity (physical fitness) from pulse rate during submaximal 
work. J Appl Physiol 7:218-221, 1954 

Hamilton GW, Murray JA, Kennedy JW: Quantitative angiocar- 
diography in ischemic heart disease. The spectrum of abnormal 
left ventricular function and the role of abnormally contracting 
segments. Circulation 45:1065—1080, 1972 


October 3, 1974 The American Journal of CARDIOLOGY Volume 34 505 


Arterial Pressure As a Determinant of Left Ventricular 
Filling Pressure After Acute Myocardial Infarction 


JOSEPH A. FRANCIOSA, MD* 
NABIL H. GUIHA, MD 
CONSTANTINOS J. LIMAS, MD 
SERGIO PAZ, MD 

JAY N. COHN, MD, FACC 


Washington, D. C. 


From the Hypertension and Clinical Hemody- 
namics Section, Veterans Administration Hospi- 
tal, and the Department of Medicine, George- 
town University School of Medicine, Washing- 
ton, D. C. Manuscript accepted May 30, 1974. 

* Present address and address for reprints: 
Joseph A. Franciosa, MD, Veterans Administra- 
tion Hospital, 54th St. and 48th Ave., South, 
Minneapolis, Minn. 55417. 


Left ventricular filling pressure has been used as a clinical guide to left 
ventricular function in patients with acute myocardial infarction. How- 
ever, the contribution of spontaneous or induced changes in arterial 
pressure to left ventricular filling pressure has not been emphasized. In 
26 patients left ventricular filling pressure and arterial pressure were 
monitored simultaneously for 1 to 5 days after acute myocardial infarc- 
tion. Ventricular filling pressure averaged 20.7 mm Hg on day 1 and 
decreased to 12.7 by day 5. Systolic arterial pressure decreased from 
146.6 to 107.4 mm Hg during this same period. These changes were 
significant for treated (P «0.001) as well as untreated patients (P 
« 0.01). Fluctuations in arterial pressure occurring spontaneously or in- 
duced by isometric exercise, sublingual administration of nitroglycerin 
or infusion of nitroprusside were accompanied by similar changes in 
left ventricular filling pressure. These data indicate that a change in ar- 
terial pressure may be the most important determinant of a change in 
left ventricular filling pressure during the first few days after acute 
myocardial infarction. 


In acute myocardial infarction the left ventricular filling pressure, 
measured with a catheter either in the left ventricle! or in the pulmo- 
nary arterial wedge position,? serves as an important guide to left 
ventricular function. The increase in left ventricular filling pressure 
observed in most patients with acute myocardial infarction? is as- 
sumed to represent an impairment in left ventricular function per- 
haps partly related to a change in diastolic compliance.^? The magni- 
tude of the increase has served as a useful guide to the severity of the 
clinical syndrome and to the patient's prognosis.^6 Furthermore, in- 
creased filling pressure is considered by some physicians an indica- 
tion for diuretic therapy, and changes in this pressure during the first 
few days after myocardial infarction have been monitored in an at- 
tempt to detect early signs of deterioration or improvement in left 
ventricular function.?^? 

Although the level of left ventricular filling pressure is known to be 
influenced by several factors, including myocardial contractility, pre- 
load and afterload, the first two factors are usually considered domi- 
nant. The role of afterload often is neglected when left ventricular 
filling pressure is evaluated in a normotensive patient. In previous 
studies from this laboratory,? we demonstrated that a modest reduc- 
tion in arterial pressure induced by infusion of the vasodilator sodi- 
um nitroprusside in patients with acute myocardial infarction re- 
sulted in a sharp decrease in left ventricular filling pressure. This ob- 
servation suggested to us that the arterial pressure, serving as a guide 
to changes in impedance to left ventricular output and afterload, 
might be a more important determinant of the filling pressure than 
had previously been recognized. Accordingly, this study was under- 
taken to explore the relation between changes in arterial pressure and 
left ventricular filling pressure during the first few days after acute 
myocardial infarction. 
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Methods 


Studies were performed within the first 24 hours after 
the onset of symptoms in 26 patients who had acute myo- 
cardial infarction documented by a typical history, electro- 
cardiographic findings and serum enzyme changes. 
Throughout their course, all patients received as needed 
conventional therapy in the form of oxygen and narcotic, 
sedative. antiarrhythmic or diuretic agents. No patient re- 
ceived antihypertensive agents other than diuretic drugs, 
and digitalis was given only to patients who had previously 
been receiving a maintenance dose. No patient had shock 
at the time of study. 

After written informed consent for the procedure was ob- 
tained, right heart catheterization was performed using a 
Swan-Ganz flow-directed ballon-tipped catheter? inserted 
into an antecubital or femoral vein. Pressures were mea- 
sured using Statham or Bell and Howell strain gauge trans- 
ducers. Pulmonary arterial diastolic pressure or the mean 
of the occluded (wedged) pulmonary arterial pressure was 
taken as the left ventricular filling pressure. Systemic arte- 
rial pressure was measured by standard cuff technique. Si- 
multaneous pulmonary and systemic pressures were re- 
corded a: least 4 times daily and the averages of these read- 
ings were used as the values for any given day. Daily pres- 
sures were recorded as long as the catheter was left in place 
and remained patent. In 23 of 26 patients pressures were 
monitored for 2 days; 19 patients underwent monitoring for 
3 days, 12 patients for 4 days and 5 patients for 5 days. 

Spontaneous fluctuations in pressure were analyzed in 
seven patients who had multiple measurements made on 
the Ist day. Also, on the Ist day, 12 patients were given 
short-term infusions of sodium nitroprusside, which has a 
very rapid onset and very short duration of action. The 
preparation of sodium nitroprusside solution and its meth- 
od of administration have previously been described.” 

In five cases systemic arterial pressure was acutely in- 
creased by having the patient perform sustained handgrip 
exercise? using a Jamar adjustable dynamometer. The pa- 
tient was instructed to squeeze hard enough to maintain at 
least one third of his maximal capacity for 30 to 60 seconds 
while the physician observed him to be sure he did not per- 
form a Valsalva maneuver. No patient had arrhythmia or 
chest pain during this procedure. When pressure had resta- 
bilized at control levels for at least 20 minutes, 0.4 mg of ni- 
troglycerin was given sublingually to reduce arterial pres- 
sure. Simultaneous pressures were recorded every 2 min- 
utes after administration of nitroglycerin, and the peak 
pressure reduction was taken to represent nitroglycerin ef- 
fect. 


Results 
Clinical Characteristics 


The clinical data on admission are summarized in 
Table I. The patients were 24 men and 2 women who 
ranged in age from 44 to 80 years (mean 57.6 years). 
The diagnosis of clinical congestive heart failure 
made before catheterization was based on the pres- 
ence of at least two of the following findings: gallop 
rhythm, pulmonary congestion by physical or radio- 
graphic examination, jugular venous distension or or- 
thopnea. Congestive heart failure was present on ad- 
mission in 7 of 12 patients who had a history of previ- 
ous hypertension and was found in only 3 of 14 with- 
out prior hypertension. Four patients (15.4 percent) 
died during hospitalization and three of these had 


TABLE | 


Clinical Characteristics of Patients with Acute 
Myocardial Infarction 


Clinical History of 

Case Age Heart Hyper- 

no. (yr) Location of Infarct Failure tension 
1 58 Anterior 0 + 
2 58 Anterior EE + 
3 54 Anterior 0 0 
4 51 Anterior + + 
5 51 Inferior 0 + 
6 56 Inferior 0 0 
7 52 Anterior a + 
8 73 Anterior 0 0 
9 50 Inferior 0 0 
10 46 Anterior 0 + 
11 57 Subendocardial 0 0 
12 52 Inferior -+ 0 
13 59 Anterior EE + 
14 73 Anterior a 0 
15 61 Inferior a 0 
16 50 Inferior 0 0 
17 62 Subendocardial 0 " 
18 61 Anterior + uM 
19 50 Inferior + + 
20 47 Inferior 0 0 
21 56 Anterior 0 0 
22 80 Inferior + + 
23 61 Anterior 0 0 
24 44 Inferior 0 +. 
25 76 Anterior 0 0 
26 59 Anterior 0 0 


+ = present; 0 = absent. 


heart failure at the time of admission. All deaths oc- 
curred later in the hospital course after initial im- 
provement and transfer out of the coronary care unit. 


Course of Arterial Pressure and Left Ventricular Filling 
Pressure 


Figure 1 shows the course of pressure changes. Left 
ventricular filling pressure averaged 20.7 mm Hg on 
day 1 and decreased progressively to 15.5 (day 2), 
13.8 (day 3), 12.7 (day 4) and 12.9 mm Hg (day 5). 
Systolic arterial pressure decreased concomitantly 
with filling pressure during the first 5 days (Fig. 2). 
The average systolic pressure was 146.6 mm Hg on 
day 1 and 107.4 mm Hg by day 5. Diastolic arterial 
pressure also decreased during this period. 

The reduction in pressures was similar in patients 
with and without a history of hypertension. Initial 
values for both pressures were higher in hypertensive 
patients, but the pressures were equal to those of 
nonhypertensive patients by day 4. Although initial 
arterial and left ventricular filling pressure levels 
were lower in the patients without evidence of clini- 
cal heart failure, the pattern of pressure reduction 
during the first few days was similar to that of the 
group with evidence of heart failure. Diuretic drugs, 
usually given as 1 or 2 doses of a short-acting agent, 
were administered to 17 “treated” patients; 5 of these 
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FIGURE 3. Average changes in left ventricular filling pressure (LVFP) 
and systolic arterial pressure (SAP) in treated and untreated patients 
during the first 5 days after acute myocardial infarction (MI). 
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FIGURE 1 (left). Left ventricular filing pressure 
(LVFP) after acute myocardial infarction (M.I.). Dots 
represent average of readings for that day in a 
given patient, horizontal lines the average for all 
subjects studied on that day. 


4 5 
DAYS AFTER ACUTE M.I. 


FIGURE 2 (right). Systolic arterial pressure (SAP) 
after acute myocardial infarction. 


also continued to receive their maintenance doses of 
digitalis. In nine “untreated” patients who did not 
receive digitalis or diuretic agents, the arterial pres- 
sure and left ventricular filling pressure nonetheless 
decreased over the first 4 days (Fig. 3); therefore, the 
observed changes were not entirely a reflection of the 
administration of specific therapy. 

The pressure relations were nct affected by loca- 
tion of the myocardial infarct. In 14 patients with an- 
terior wall infarction, left ventricular filling pressure 
was 20.2 mm Hg and systolic arterial pressure 152.4 
mm Hg on day 1. By days 4 and 5, filling pressure av- 
eraged 11.5 mm Hg and arterial pressure 116.8 mm 
Hg. The respective pressures in 16 patients with infe- 
rior wall infarction were 21.7 and 141.4 mm Hg on 
day 1, with a reduction to 15.9 and 110.6 mm Hg by 
days 4 and 5. None of the differences between these 
two groups were significant. 

Day to day variations and relation between ar-. 
terial and filling pressures: In 19 patients pres- 


FIGURE 4. Pressure changes during days 1 to 5 after 
acute myocardial infarction. Horizontal axis depicts 
changes in systolic arterial pressure (SAP) and vertical 
axis changes in left ventricuiar filling pressure (LVFP). 
Dots represent changes in pressure from previous 
day's values, open circles cases in which divergent 
pressure changes suggest a deterioration of ventricu- 
lar function (see text). 
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FIGURE 5. Pressure changes during the first 4 days after acute 
myocardial infarction in two patients with deterioration of ventricular 
function. Numbers in parentheses refer to the days after acute myo- 
cardial infarction. LVFP = left ventricular filling pressure. 


sures were monitored for 3 to 5 days. If day 1 values 
are compared with those of the last day of monitoring 
in these patients both arterial pressure and left ven- 
tricular filling pressure decreased significantly (P 
«0.001). The changes were statistically significant for 
treated (P «0.001) as well as untreated (P «0.01) pa- 
tients. It is not our chief purpose to demonstrate that 
the changes in pressure from day to day are statisti- 
cally significant, but merely to show that both pres- 
sures tend to change in the same direction. This ten- 
dency and the close relation between changes in arte- 
rial pressure and left ventricular filling pressure are 
apparent when individual responses are analyzed in a 
four-quadrant plot (Fig. 4). Each point represents a 
change from the previous day's values in a given pa- 
tient. Most points lie in the left lower negative quad- 
rant, indicating that a decrease in arterial pressure is 


almost always accompanied by a reduction in left 
ventricular filling pressure. There was a significant 
correlation between pressure changes (r = 0.47, P 
<0.005). Although the changes in the two pressures 
in individual patients were congruent, no significant 
correlation could be demonstrated between absolute 
values fer left ventricular filling pressure and systol- 
ic, diastelic or mean arterial pressure among different 
subjects. 

The left upper and right lower quadrants of Figure 
4 represent the areas of noncongruent pressure 
changes. A few points falling in the right lower quad- 
rant are consistent with an improvement in left ven- 
tricular function. The points located well into the left 
upper quadrant in Figure 4, depicted by open circles, 
were recorded in two patients who had a complicated 
course after infarction. Sequential pressure changes 
during the first 5 days in these two patients are plot- 
ted in more detail in Figure 5. A change in the linear 
pressure relation between days 2 and 3 in one patient 
was associated with appearance of clinical signs of 
heart failure, which was treated with digitalis and di- 
uretic drugs. A change between days 3 and 4 in the 
other patient was a harbinger of the shock syndrome 
that developed on day 4. 

If left ventricular filling pressure is closely related 
to systemic arterial pressure, then changes in the lat- 
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FIGURE 6. Spontaneous pressure fluctuations recorded by the same 
observer in seven patients on day 1 of acute myocardial infarction. 
Lines connect three observation points for each patient. The middle 
point represents the average of all measurements of left ventricular 
filing pressure (LVFP) and mean arterial pressure for that day. The 
other points depict the highest and lowest left ventricular filling pres- 
sures recorded during that day. The heavy line represents the 
means of the highest, lowest and average observation points for all 
seven patients. 
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FIGURE 7. Effect of nitroprusside on day 1 of acute myocardial in- 
farction. Dots represent control observations and arrowheads show 


response to nitroprusside. Heavy line is the mean of all values. 
LVFP = left ventricular filling pressure. 


ter should result in similar variations of the former. 
Spontaneous changes were observed in seven patients 
on the first day of acute myocardial infarction (Fig. 
6). Mean arterial pressure varied by up to 25 mm Hg 
in individual patients and left ventricular filling pres- 
sure by as much as 14 mm Hg. Changes in arterial 
pressure were accompanied by similar and almost lin- 
early related changes in left ventricular filling pres- 
sure, thus suggesting a strong relation between spon- 
taneous pressure variations. 

Results of interventions to alter arterial pres- 
sure: This relation was further tested by interven- 
tions to alter arterial pressure. On day 1, twelve pa- 
tients were given short-term infusions of sodium ni- 
troprusside that reduced mean arterial pressure from 
an average of 112.6 to 93.4 mm Hg with a concomi- 
tant reduction in left ventricular filling pressure from 
23.3 to 12.1 mm Hg (Fig. 7) and no change in heart 
rate. The results of isometric stress and sublingually 
administered nitroglycerin in five patients on days 1 
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FIGURE 8. Average changes in pressure induced by handgrip exer- 
cise (HG) and administration of nitroglycerin (NTG) in five patients on 
days 1 and 21 after acute myocardial infarction. C refers to control 
observations. LVFP = left ventricular filling pressure. 


and 21 are shown in Figure 8. On day 1 control mean 
arterial pressure was 113 mm Hg with a left ventricu- 
lar filling pressure of 16.2 mm Hg. During handgrip 
exercise, arterial pressure increased to 128 mm Hg 
and left ventricular filling pressure to 20.6 mm Hg; 
the heart rate rose 12 beats/min. Administration of 
nitroglycerin reduced arterial pressure to 92.7 mm 
Hg and left ventricular filling pressure to 7 mm Hg; 
the heart rate rose 9 beats/min. On day 21 the corre- 
sponding values were lower, but the same directional 
relation was present. None of the changes in heart 
rate were statistically significant. 
Discussion 

These studies have demonstrated a close relation 
in the first 5 days after acute myocardial infarction 
between changes in arterial pressure and left ventric- 
ular filling pressure. This relation held whether the 
changes in pressure occurred spontaneously or were 
induced by administration of sodium nitroprusside 
and nitroglycerin or by performance of isometric ex- 
ercise. Although in absolute terms, changes in arteri- 
al pressure usually were greater than changes in left 
ventricular filling pressure, directional similarity was 
maintained. | 

Explanations for concordance of changes in 
arterial and left ventricular pressures: Several 
explanations could be offered for this concordance of 
pressure changes. If the reduction of left ventricular 
filling pressure were due to a decrease in venous re- 
turn, a concomitant decrease in arterial pressure 
might be attributed to a reduction in cardiac output. 
Such a sequence could explain spontaneous pressure 
changes during the first day after myocardial infarc- 
tion but it would be unlikely to account for the re- 
sponse to vasodilator drugs or to convalescence, both 
of which would be expected to be associated with an 
increase in cardiac output.^? The pressure changes 
from day 1 to day 5 might be attributed to a gradual 
improvement in left ventricular function and an un- 
related reduction in systemic vascular resistance; 
however, this explanation could not account for the 
spontaneous changes during the first day or the acute 
response to handgrip exercise or vasodilator drugs. 

A more likely explanation for these findings is that 
the changes in left ventricular filling pressure are a 


direct result of the changes in arterial pressure. Aug- 
mented left ventricular filling pressure is an expected 
response to increases in arterial pressure induced by 
angiotension infusion or isometric handgrip exercise 
in patients with left ventricular dysfunction.?.!? Simi- 
larly, a decrease in left ventricular filling pressure 
would be expected to accompany a reduction of arte- 
rial pressure. The direct relation between arterial 
pressure and left ventricular filling pressure thus 
suggests that these patients have considerable left 
ventricular dysfunction that has impaired the ability 
of the left ventricle to adjust to varying afterloads. 

A significant reduction in arterial pressure was 
noted during the first few days after myocardial in- 
farction. Since this reduction usually was associated 
with clinical improvement, it cannot be viewed as a 
sign of circulatory deterioration. Indeed, the pressure 
trends suggest that the initial arterial pressure was 
inordinately increased and that its reduction, either 
pharmacologically on day 1 or spontaneously by day 
3, was associated with a reduction in left ventricular 
filling pressure. The relatively high level of arterial 
pressure on day 1 could be attributed in part to the 
effect of circulating catecholamines, which have been 
found to increase during the first 24 hours after myo- 
cardial infarction and return to normal levels 5 days 
later.!! ! 

Effects of nitroprusside and nitroglycerin: The 
pressure effects of nitroglycerin and nitroprusside 
seemed to mimic the natural history of the postin- 
farction period. Since these drugs dilate vascular 
smooth muscle, their acute hemodynamic effects 
should result from a reduction of systemic vascular 
resistance and impedance to ejection!?-!4^ or from a 
reduction of venous return. Previous observations 
that these drugs increase cardiac output in patients 
with acute myocardial infarction,?!^!6 whereas re- 
duction of venous return by application of tourni- 
quets reduces output,’ suggest that their action on 
the arterial circulation is preponderant in this setting 
with the patient in the supine position. No evidence 
has been found for a direct inotropic effect of these 
drugs in studies on isolated papillary muscle,!^!? or 
in dogs or patients with acute myocardial infarc- 
tion.15!? An improvement in myocardial function by 
virtue of a direct effect of the drugs on the coronary 
circulation cannot be ruled out.?? 

Clinical effects of reduction in arterial and 
filling pressures: Several benefits might accrue 
from the decrease in arterial pressure and left ven- 
tricular filling pressure. Since systolic arterial pres- 
sure is an important determinant of left ventricular 
wall stress or afterload!^?! and wall stress is directly 
related to myocardial oxygen consumption,?? the re- 
duction in arterial pressure should result in reduced 
myocardial oxygen consumption. A decrease in pul- 
monary capillary pressure should relieve pulmonary 
congestion and correct arterial hypoxemia, whereas a 
decrease in left ventricular filling pressure might in- 
crease subendocardial perfusion, which is inhibited 
by a high level of ventricular diastolic pressure.??.?4 
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'Thus, the pressure reduction should result in an im- 
proved intramyocardial balance between oxygen con- 
sumption and oxygen supply. 

Since coronary blood flow is dependent on the level 
of aortic diastolic pressure, concern has been ex- 
pressed that pharmocologic reduction of arterial 
pressure in acute myocardial infarction may aggra- 
vate myocardial ischemia.?^?9 But the observation 
that arterial pressure usually decreases spontaneous- 
ly during the first few days after infarction without 
evidence of infarct extension suggests that similar re- 
ductions induced on the first day may be well tolerat- 
ed. Of course, the response in individual patients 
would depend on the effect of the reduction in arteri- 
al pressure on the balance between myocardial oxy- 
gen consumption and oxygen delivery. However, a 
decrease in left ventricular filling pressure should 
help to maintain subendocardial perfusion despite a 
reduction in aortic diastolic pressure. Thus, in these 
patients arterial diastolic pressure decreased from an 
average of 92 to 72 mm Hg from day 1 to day 5, left 
ventricular filling pressure was reduced by an average 
of 8 mm Hg and the effective pressure for subendo- 
cardial flow therefore decreased by an average of only 
12 mm Hg. 

Clinical implications: Our data suggest that left 
ventricular filling pressure cannot be used as a simple 
independent guide to changes in left ventricular 
function. Although previous studies have used the 
trend in pulmonary arterial pressure during the first 
48 hours after acute myocardial infarction as a clue to 
the subsequent clinical course,’ interpretation of 
these pressure changes could be misleading unless si- 
multaneous arterial pressure values are known. Even 
an increase in left ventricular filling pressure would 
not indicate deterioration of left ventricular function 
if arterial pressure increased concomitantly. How- 
ever, an increase in left ventricular filling pressure 
accompanied by a decrease in arterial pressure 


should signify further impairment of left ventricular 
function. This pattern was observed in two patients 
in our series, one who had congestive heart failure on 
the 3rd hospital day and one who had cardiogenic 
shock on the 4th day. Further experience is needed to. 
determine if the monitoring of the pressure relation 
during the first few days after myocardial infarction 
will have prognostic significance. 

Our data do not resolve the question of whether 
left ventricular function improves during the first 3 
weeks after infarction. In previous studies from this 
laboratory‘ it was found that left ventricular end-dia- 
stolic pressure usually was still increased 21 days 
after acute myocardial infarction and that cardiac 
function curves constructed from data obtained dur- 
ing volume manipulations usually were similar on 
days 1 and 21. Although filling pressure decreased 
consistently during the first 3 days in the present se- 
ries of patients, isometric handgrip exercise on day 21 
usually resulted in pressure changes similar to those 
measured on day 1. Thus, both by the relation be- 
tween arterial pressure and left ventricular filling 
pressure explored. in the present series, and by the 
relation between stroke volume and left ventricular 
end-diastolic pressure explored in the previous se- 
ries,^ no consistent improvement in left ventricular 
function could be demonstrated 3 weeks after acute 
myocardial infarction. It is possible, of course, that 
improvement occurs early in the convalescent phase 
and that the findings on day 21 reflect a reduction of 
ventricular compliance related to myocardial scar 
formation,?728 but such a thesis would need to be 
tested by performance of left ventricular function 
studies at more frequent intervals during the first 3 
weeks. 
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Clinical, hemodynamic and angiographic findings were reviewed in 82 
patients with isolated inferior, 55 patients with isolated anterior and 27 
with combined inferior and anterior myocardial infarction and were 
compared with findings in 100 patients without electrocardiographic 
evidence of a prior transmural myocardial infarction. All of the 264 pa- 
tients were referred and evaluated because of angina pectoris and 
found, on selective coronary angiography, to have coronary artery dis- 
ease. There was no significant difference in the ages of the patients in 
each group studied. A history of heart failure, audible gallops and car- 
diomegaly were more prevalent in the two groups with anterior infarc- 
tion (isolated and combined with inferior infarction) than in the other 
two groups. The mean left ventricular hemodynamic measurements 
(end-diastolic pressure, end-diastolic volume and ejection fraction) in 
the groups of patients with a normal QRS or an isolated inferior myo- 
cardial infarction were not significantly different from those of patients 
with a normal left ventricle. Patients with isolated anterior myocardial 
infarction had abnormal end-diastolic pressure (68 percent), end-dia- 
stolic volume (51 percent) and ejection fraction (67 percent). Similar- 
ly, the group with multiple infarctions had abnormal hemodynamic 
measurements, with 81 percent having an abnormal ejection fraction. 
For the entire group of patients studied, an abnormal end-diastolic vol- 
ume was always associated with an abnormal ejection fraction. Car- 
diomegaly on X-ray film was associated with an abnormal end-diastol- 
ic volume and ejection fraction. An abnormal contractile pattern (asyn- 
ergy) was noted in 42 percent of the patients with a normal QRS; infe- 
rior asynergy was observed in 88 percent with inferior infarction, and 
anterior or apical asynergy, or both, was found in 90 percent with an- 
terior infarction. All the patients with multiple infarctions had asynergy. 
The right coronary artery was significantly involved in 90 percent of 
the patients with inferior infarction, while all the patients with anterior 
infarction had significant disease of the left anterior descending artery. 
More than 80 percent of the patients with an infarction pattern on elec- 
trocardiogram had double or triple vessel disease, as compared with 
68 percent of the patients with a normal QRS pattern. This study repre- 
sents a select group of patients referred because of angina pectoris 
and cannot be extended to the asymptomatic patient with coronary ar- 
tery disease. The observations made on these patients indicate that an 
anterior infarction (isolated or combined with inferior) in patients re- 
ferred because of angina pectoris is accompanied by significant im- 
pairment of left ventricular function, whereas an inferior infarction (iso- 
lated), although accompanied by asynergy, is usually associated with 
normal hemodynamics. The electrocardiogram is not sensitive enough 
to predict reliably in the individual patient the extent and severity of the 
coronary artery disease. 
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TABLE ! 
Clinical Profile of Patients Studied 


Electrocardiogram 


Anterior Plus 


Inferior Infarction Anterior Infarction Inferior Infarction 
82 55 27 
52 + 6.4 5] 4- 9.1 56 + 8.5 
76/6 51/4 25/2 
4.3+ 3.1 4.6 + 3.0 6.5+ 3.1 
3 (496) 16 (29%) 6 (22%) 
70 (85%) 46 (84%) 25 (93%) 
26 (3295) 13 (24%) 8 (30%) 
19 (23%) 22 (40%) 10 (37%) 
8 (10%) 7 (13%) 3 (11%) 
56 (68%) 34 (62%) 16 (59%) 
7 (9%) 20 (36%) 14 (52%) 


Normal QRS 
Patients (no.) 100 
Age (yr) (mean + 1 SD) 52 + 8.4 
Male/female ratio 80/20 
Duration of angina pectoris (yr) (mean + 1 SD) 3.0 + 3.2 
Congestive heart failure (by history) 1 (196) 
Myocardial infarction (by history) 24 (24%) 
Hypertension 40 (40%) 
Gallop sound (S; or S4) 10 (1095) 
Systolic apical murmur (grade 2 cr more) 0 (0%) 
Abnormal glucose tolerance 68 (68%) 
Enlarged heart (on X-ray film) 7 (796) 


SD — standard deviation. 


In recent years, there has been an increasing interest 
in the hemodynamic and angiographic aspects of cor- 
onary artery disease.!-!6 The anatomy of the coro- 
nary arteries, as observed on the angiocardiogram, 
has been described and related to the clinical charac- 
teristics of this disease.?:!?-!6 Left ventricular func- 
tion and abnormalities of wall movement have been 
defined and correlated with coronary angiographic 
anatomy.!-!! Hemodynamic studies during the early 
stages of acute myocardial infarction have been re- 
ported,!7?.!* and the hemodynamic consequences dur- 
ing acute anterior and inferior wall myocardial in- 
farctions have been described.!* No similar study of a 
large number of patients with angina pectoris has re- 
lated the angiographic and hemodynamic findings to 
the presence of a previous anterior or inferior wall 
myocardial infarction. In the available reports!?-?! 
relating the electrocardiographic evidence of a 
transmural infarction to the coronary arterial anato- 
my and left ventricular wall movement, hemodynam- 
ic findings have not been described. 

In this study we define the clinical, hemodynamic 
and angiographic findings in a large number of pa- 
tients with angina pectoris and electrocardiographic 
evidence of a previous anterior or inferior wall myo- 
cardial infarction, or both. The data in these patients 
are compared with findings in a group of patients 
with angina pectoris and no electrocardiographic evi- 
dence of a previous transmural myocardial infarction. 
Since almost half of the patients referred for evalua- 
tion of angina pectoris have evidence of a prior 
transmural myocardial infarction, our results permit 
better definition of the spectrum of hemodynamic 
and angiographic findings in this group of patients. 


Materials and Methods 


A review of 400 consecutive, fully evaluated patients re- 
ferred because of angina pectoris revealed that 164 (41 per- 
cent) had electrocardiographic evidence of a prior transmu- 
ral myocardial infarction. These 164 patients form the 
basis of this report and are compared with 100 consecutive 
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patients with angina pectoris and no electrocardiographic 
evidence of a prior transmural myocardial infarction. On 
admission to the hospital, all patients underwent a com- 
plete history and physical examination. The electrocardio- 
graphic diagnosis of a myocardial infarction was based on 
accepted criteria.?? Radiologic evaluation and interpreta- 
tion were performed by a radiologist only to define the 
presence or absence of cardiomegaly. All patients had a 
glucose tolerance test the day before hemodynamic and an- 
giographic evaluation. 

Hemodynamic studies consisted of right and retrograde 
left heart procedures. 'The majority of patients had a trans- 
septal procedure as well. The normal left ventricular end- 
diastolic pressure for this laboratory is 11 mm Hg or less. 
'The heart rate recorded during determination of the cardi- 
ac output (Fick method) was divided into the latter to ob- 
tain the stroke volume. This value, when divided by the 
ejection time, defined the mean systolic ejection rate index 
(ml/sec per m?). 'The normal mean systolic ejection rate for 
this laboratory is 151 + 46 (standard deviation). 

Left ventricular angiograms were obtained in the right 
anterior oblique projection by injecting 0.50 to 0.75 ml/kg 
of 90 percent sodium meglumine diatrizoate into the left 
ventricle through either the retrograde or transseptal cath- 
eter. Cineangiograms were taken with a 35 mm camera at a 
rate of 60 frames/sec. When the left ventricular angiogram 
was completed, a grid of known dimensions was positioned 
at the approximate location of the left ventricle and filmed 
to permit correction of error due to magnification. After 
the completion of the left ventricular angiogram, selective 
coronary angiograms were performed in multiple projec- 
tions, using methods described by Sones and Shirey?? or 
Judkins.”4 Left ventricular volumes were obtained using a 
modification of the area-length method?^ and the regres- 
sion equation derived by Hermann and Bartle.?? By this 
method, the respective values for left ventricular end-dia- 
stolic volume index and ejection fraction determined in 25 
patients with a normal left ventricle were 69 + 21 ml/m? 
and 0.66 + 12. The pattern of left ventricular contraction 
was determined by reviewing the superimposition of the 
end-diastolic and end-systolic silhouette as defined by Her- 
man et al.?? 

Significant coronary artery disease of the three main 
ceronary arteries (right, left anterior descending and cir- 
cumflex coronary arteries) was considered present if the ar- 
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TABLE Il 


Left Ventricular Hemodynamic Data (mean + 1 standard deviation) 


ZU ANNA ER Sc Md MEME M ALL LM C A pit p 





Normal QRS 
End-diastolic volume (ml/m?) 66 + 16 
Percent >100 ml/m? 7% 
Ejection fraction 0.63 + 0.14 
Percent «0.50 2% 
Systolic pressure (mm Hg) 137 a- 26 
End-diastolic pressure (mm Hg) 12-5 -5 57 
Percent >11 4096 
Mean systolic ejection rate (ml/sec per m?) 134 + 22 
Percent «110 1696 


Electrocardiogram 


Anterior Plus 
Inferior Infarction 





Inferior Infarction Anterior Infarction 


78 + 24 111 + 44* 106 + 32* 
13% 51% 52% 
0.56 + 0.13 0.41 + 0.17* 0.37 + 0.14* 
2896 67% 81% 

129: 21 118 + 33 124 + 24 
233. 6:3 17.0 + 8.3* 17.6 + 8.6* 
48% 69% 81% 

126 + 27 128 + 30 128 + 27 
22% 22% 26% 


PERAN a I; 0T S ao Se a I 2 aic aa a erry ee E EERO 


* P <0,01 when compared with values in patients with a normal QRS configuration or inferior infarction. 


terial lumen was judged occluded by more than 50 per- 
cent.!5:!6 Obstructive coronary artery disease was defined 
as complete obstruction of a major coronary artery whether 
or not there was distal filling by way of collateral vessels. 
Each of the three main coronary arteries was given a rating 
of 0 to 6, as previously described,® depending on the severi- 
ty of involvement of that vessel according to the criteria of 
Bruschke.!9 The total coronary score for a patient was the 
sum of the scores for all three coronary arteries. Involve- 
ment of the main left coronary was considered separately. 


Results 


Clinical background: Table I shows the pertinent 
clinical profile of the patients studied. Of the 164 pa- 
tients with electrocardiographic evidence of a prior 
transmural myocardial infarction, 82 (50 percent) 
had isolated inferior and 55 (34 percent) had isolated 
anteroseptal (18 patients) or anterior (37 patients) 
myocardial infarction. A history of a prior myocardial 
infarction within 1 year of our study was obtained in 
27 patients with inferior myocardial infarction, 19 
patients with anterior and 10 with multiple infarc- 
tions. The duration of angina pectoris was signifi- 
cantly longer (P <0.01) in the patients with com- 
bined inferior and anterior myocardial infarction 
than in the 100 patients with no evidence of a prior 
transmural infarction. A history of congestive heart 
failure and cardiomegaly was more frequent in pa- 
tients with anterior myocardial infarction (isolated or 
combined with inferior infarction) than in patients 
with a normal QRS configuration or isolated inferior 
myocardial infarction. Audible gallop sounds and ap- 
ical systolic murmurs were more prevalent in the pa- 
tients with transmural myocardial infarction than in 
the group with a normal QRS complex. 

Hemodynamic study: The mean left ventricular 
hemodynamic measurements for patients with no ev- 
idence of either transmural myocardial infarction or 
isolated inferior myocardial infarction (Table I) 
were not significantly different from those of patients 
with a normal left ventricle studied in this laborato- 
ry.? However, the mean values for patients with ante- 
rior myocardial infarction (isolated or combined with 


inferior infarction) differed significantly from those 
of patients with isolated inferior infarction or normal 
QRS configuration. Comparison of patients with an 
anteroseptal infarction with those having an anterior 
myocardial infarction demonstrated no significant 
difference in any of the variables studied. A review of 
the individual values for the patients in each group 
(Table II, Fig. 1 and 2) revealed that more than 50 
percent of the patients in the two groups with an an- 
terior myocardial infarction had abnormal values for 
end-diastolic volume, ejection fraction and end-dia- 
stolic pressure. 

Contractile pattern of the left ventricle: A nor- 
mal contractile pattern (synergy) was present in al- 
most 60 percent of the patients with a normal QRS 
complex, but was unusual in the presence of electro- 
cardiographic evidence of a transmural myocardial 
infarction (Table III). An inferior wall infarction was 
associated with an abnormal contractile pattern (asy- 
neresis plus akinesia) of the inferior wall in 86 per- 
cent of patients, whereas 75 percent of those with an- 


TABLE Ill 
Contractile Pattern of the Left Ventricle 


a —— ——— ——— 


Anterior 
Plus 
Normal Inferior ^ Anterior Inferior 
QRS Infarction Infarction Infarction 
SS Re DP E SSIES IL. Lo LSS I a PCE 
Synergy (no.) 58 (58%) 7(9%)  3(590) 0 (090) 
Asynergy (no.) 


Asynergy of one wall 40 (40%) 56 (68%) 38 (69%) 12 (44%) 
Asynergy of two walls 2 (295) 19(2395) 14 (25%) 15 (56%) 


Inferior asyneresis 2(2%) 11(13%) 7(13%) 6 (22%) 

Inferior akinesia 10 (10%) 60(73%) 3(5%) 12 (56%) 

Anterior asyneresis 31 (31%) 17(21%) 6(11%) 6 (22%) 

Anterior akinesia 1(1%) 2(2%) 35(64%) 7 (26%) 

Generalized 0(0%) 2(2%) 6(11%) 5(19%) 
hypokinesia 

Aneurysm 0(0%) 0(0%) 3(5%) 1(4%) 
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FIGURE 1. Distribution of the individual end-diastolic 
volumes (mil/m?) according to the groups studied. More 
than half of the patients with an anterior or anterior 
combined with an inferior infarction have an abnormal 
end-diastolic volume (> 100 mi/m*). Each point repre- 
sents a separate patient; the horizontal bars indicate 
the mean for each group. 


FIGURE 2. Distribution of the individual ejection frac- 
tions, according to the groups studied. More than half 
of the patients with an anterior (67 ?6) or anterior com- 
bined with an inferior infarction (81%) have an abnor- 
mal ejection fraction (<0.50). Each point represents a 
separate patient; the horizontal bars indicate the mean 
for each group. AMI — anterior myocardial infarction; 
IMI — inferior myocardial infarction. 
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terior myocardial infarction had asynergy of the an- 
terior wall. Multiple infarctions were more frequently 
associated with inferior (78 percent) than with ante- 
rior (46 percent) wall asynergy. No patient with a 
normal QRS configuration had mitral insufficiency, 
whereas 12 patients with an electrocardiographic pat- 
tern of infarction (5 inferior, 4 anterior and 3 anterior 
plus inferior) had mild mitral insufficiency. One pa- 
tient with an anterior infarction had significant mi- 
tral insufficiency. 

Coronary anatomy: The mean coronary artery 
score of individual vessels and total coronary score 
for each group of patients are shown in Table IV. Ob- 
structive coronary artery disease was observed on the 
average in 1.5 vessels per patient in the group with 
combined anterior and inferior myocardial infarction 
and in 0.7 vessel per patient in the group with a nor- 
mal QRS configuration. In all the groups studied, 
more than 70 percent had significant disease of the 
right coronary and left anterior descending coronary 
arteries. The greatest frequency of involvement of 
the right coronary artery was noted in the groups 
with isolated inferior infarction (92 percent) and 
multiple infarctions (96 percent), whereas the great- 
est frequency of significant disease of the left anteri- 
or descending artery was noted in the groups with 
isolated anterior infarction (100 percent) and multi- 
ple infarctions (100 percent). Single vessel disease 
was noted in 33 percent of the patients in the normal 
QRS group, and in 14 percent of those with inferior 
and 18 percent of those with anterior myocardial in- 
farction. No patient with multiple infarctions had 
single vessel disease. Invariably, single vessel disease 
with isolated inferior and anterior myocardial infarc- 
tion was associated with isolated significant disease 


TABLE IV 


Coronary Artery Anatomy 


of the right coronary or left anterior descending coro- 
nary artery, respectively. The frequency of triple ves- 
sel disease was greater in the groups with infarction 
than in the patients with a normal QRS configura- 
tion. Main left coronary artery disease ranged from 4 
percent in the group with a normal QRS complex to . 
11 percent in the group with multiple infarctions. 
Discussion 

Our series of 264 patients with coronary artery dis- 
ease represents a select group referred for evaluation 
of angina pectoris; 41 percent of these patients pre- 
sented electrocardiographic evidence of a prior 
transmural myocardial infarction. This review of our 
experience with these patients on the basis of the 
location of the prior myocardial infarction presents a 
broad spectrum of the clinical, hemodynamic and an- 
giographic findings in patients referred for revascu- 
larization. No similar study is available; that of Rus- 
sell al.!8 was limited to hemodynamic changes ob- 
served only during the acute myocardial infarction. 
'The observations in our study, obtained in patients 
with symptoms of angina pectoris, cannot be extend- 
ed to the asymptomatic patient with a prior transmu- 
ral infarction. 

The largest subgroup of patients studied had iso- 
lated inferior myocardial infarction, and this finding 
may reflect the early high mortality reported with 
acute anterior wall myocardial infarction.!92529 A 
predominance of male patients was noted in all 
groups studied. Although the male/female ratio was 
greater than 10:1 in all infarction groups, it was only 
4:1 in the 100 consecutive patients with no evidence 
of transmural myocardial infarction. It is well known 
that the male/female ratio of patients with arterio- 





Normal QRS 


Electrocardiogram 


Anterior Plus 
Inferior Infarction 





Inferior Infarction Anterior Infarction 





Coronary artery score (mean + 1 SD) 


Right coronary artery 3.32k 1,7 
Left anterior descending artery 3.2. 1.6 
Circumflex artery 2.2 + 1:9 
Total coronary score for three vessels d.4 35 3.7 
Obstructive coronary disease (average 0.7 
number vessels/patient) 
Significant coronary disease (no.) 
Right coronary artery 74 (74%) 
Circumflex artery 40 (4096) 
Left anterior descending artery 78 (78%) 
Single vessel disease (no.) 32 (32%) 
Double vessel disease (no.) 43 (43%) 
Triple vessel disease (no.) 25 (25%) 
Main left coronary disease (no.? 4 (496) 
Collaterals present (no.) 60 (60%) 


"4.5 ET. 3A ub 1.7 *4.6.*1- 2.2 
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3.125 1.8 2.2 Zu. 2.4 4- 1.6 

"40:2 9552.9 *10.4+ 2.7 *11.92- 3,0 
1.3 1.1 1.9 

76 (9296) 40 (82%) 26 (96%) 
57 (69%) 25 (45%) 13 (48%) 
66 (86%) 56. (10095) 27 (100%) 
11 (14%) 10 (18%) 0 (0%) 
24 (29%) 25 (46%) 16 (59%) 
47 (57%) 20 (36%) 11 (41%) 

5 (6%) 4 (7%) 3 (11%) 

68 (83%) 32 (58%) 24 (89%) 
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* P «0.01 when compared with values in other groups without an asterisk. 


SD — standard deviation. 
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sclerotic heart disease decreases with age.2-3! How- 
ever, as noted in Table II, there were no significant 
differences in the ages of the patients studied. The 
data suggest that, in a mixed population with symp- 
tomatic coronary artery disease, men are at more 
-than twice the risk of infarction as women. 

Correlation of hemodynamic changes and elec- 
trocardiographic location of infarction: The he- 
modynamic consequences of coronary artery disease 
in patients with angina pectoris have been well de- 
scribed.!?^5!9 Published studies have not related 
the hemodynamic disturbances to the electrocardio- 
graphic findings. The hemodynamic findings noted 
here confirm electrocardiographic evidence of dam- 
age to the myocardium. This is probably best exem- 
plified in reviewing the left ventricular ejection frac- 
tion in the groups studied (Table II, Fig. 2). A signifi- 
cant reduction in ejection fraction characterized the 
three groups with infarction, especially the patients 
with anterior wall infarction. Although patients with 
isolated inferior myocardial infarction demonstrated 
a greater frequency of abnormal ejection fraction 
than those with a normal QRS configuration, the 
mean for both groups was not significantly different. 
The majority of patients with anterior infarction, 
whether isolated or combined with an inferior infarc- 
tion (Table II, Fig. 1 and 2), had significant impair- 
ment in left ventricular function. Studies by Russell 
et al.!? demonstrated that there was a significant dif- 
ference between the degree of impairment in left ven- 
tricular function in patients with acute anterior in- 
farction and those with acute inferior infarction. The 
difference noted in left ventricular function probably 
reflects more extensive damage to the myocardium in 
anterior than in inferior infarction. Our study dem- 
onstrates not only that there is a persistent differ- 
ence in left ventricular hemodynamics when compar- 
ing acute anterior and acute inferior infarction, but 
also that in a majority of patients with anterior myo- 
cardial infarction abnormal left ventricular function 
persists. 

Closer study of the hemodynamic findings revealed 
that increased end-diastolic volume was invariably 
associated with an abnormal ejection fraction, but 
the converse was not true. Thirty-two patients with 
an abnormal ejection fraction had a normal end-dia- 
stolic volume. As previously shown,'^ there was no 
relation between end-diastolic pressure and either 
end-diastolic volume or ejection fraction in any of the 
groups studied. Among the clinical data, the X-ray 
findings correlated best with the hemodynamic find- 
ings. Of the 48 patients with cardiomegaly, only 3 had 
a normal ejection fraction and only 10 a normal end- 
diastolic volume. The combination of cardiac en- 
largement by X-ray film and electrocardiographic ev- 
idence of prior anterior mvocardial infarction invari- 
ably indicated marked impairment of left ventricular 
function. An audible gallop or an apical systolic mur- 
mur was not a useful predictor of the hemodynamic 
findings. 


Left ventricular contractile abnormalities and 
location of infarction: Previous studies!9-? have 
demonstrated a good relation between the presence 
of abnormal Q waves and abnormalities of left ven- 
tricular contractile pattern. However, 42 percent of 
the patients with a normal QRS configuration had an 
abnormal contractile pattern (Table III). A normal 
contractile pattern was unusual in the presence of a 
prior myocardial infarction and was not found in any 
patient with multiple infarctions. Inferior wall asyn- 
ergy (asyneresis plus akinesia) was noted in 86 per- 
cent of the patients with inferior myocardial infarc- 
tion, and anterior wall asynergy was observed in 75 
percent of the patients with anterior myocardial in- 
farction. If one includes patients with generalized hy- 
pokinesia and anteroapical aneurysms, then abnor- 
malities of inferior and anterior wal! contraction were 
observed in 88 and 90 percent, respectively, of pa- 
tients with inferior and anterior infarctions. It is thus 
apparent that the electrocardiographic location of 
the infarction can generally be related to the abnor- 
mality of left ventricular contraction. However, ap- 
proximately 25 percent of patients with inferior or 
anterior infarction had an abnormal contraction pat- 
tern of two walls, and a significant number of pa- 
tients without any evidence of a transmural myocar- 
dial infarction had an abnormal contraction pattern. 

Value of electrocardiogram in predicting loca- 
tion and severity of coronary disease: Generally, 
patients with prior myocardial infarction have more 
severe coronary artery disease than patients with an- 
gina pectoris and no prior infarction. !-?.11-14,20,21,33-36 
Although this has also been our experience, Table IV 
indicates that the electrocardiogram is of limited 
value in predicting the severity and extent of the cor- 
onary artery disease. Although the coronary artery 
score for the right coronary artery was significantly 
higher in the group with inferior myocardial infarc- 
tion than in those with a normal QRS pattern or iso- 
lated anterior infarction, there was no significant dif- 
ference in the percent of patients with significant 
right coronary artery disease among the three groups. 
similarly, a review of the coronary artery score and 
frequency of significant disease of the left anterior 
descending coronary artery showed a higher score in 
the group with anterior infarction but no significant 
differences in the overall frequency of disease of this 
vessel in comparison with patients with a normal 
QRS configuration or isolated inferior infarction. Sig- 
nificant right coronary artery disease was observed in 
92 percent of the patients with inferior myocardial 
infarction, whereas all patients with anterior infarc- 
tion had disease of the left anterior descending coro- 
nary artery. In a similar study by Williams et al.,?! 87 
percent of patients with inferior myocardial infarc- 
tion had right coronary artery disease and 96 percent 
with anterior infarction had disease of the left anteri- 
or descending artery. Patients with a normal QRS 
configuration have an equal chance of presenting dis- 
ease of the right or left anterior descending coronary 
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artery, and 25 percent have triple vessel disease. Of 
103 patients with triple vessel disease, 25 patients (24 
percent) had a normal QRS configuration. This fig- 
ure corresponds closely to observations of Benchimol 
et al.?? Single vessel disease occurred most frequently 
in patients with a normal QRS configuration and was 
found in no patient with multiple infarctions. Double 
or triple vessel disease was found in 75 percent of pa- 
tients with a normal QRS complex but in 82 to 100 
percent of the patients with infarction. Here again, 
although the group differences are apparent, the 


variations within each group are too great to utilize 
the electrocardiogram as a specific, discriminating 
factor. Thus, no matter how one analyzes the data, 
the group differences are not sensitive enough to sep- 
arate and predict reliably in the individual patient 
the extent and severity of the coronary artery disease - 
on the basis of the electrocardiogram. 
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Clinical, hemodynamic and angiographic data were analyzed in 68 pa- 
tients with coronary artery disease and severe generalized left ventric- 
ular dysfunction (ischemic cardiomyopathy) in order to determine their 
prognosis and examine the results of medical and surgical manage- 
ment. Seventy-six percent of patients had angina, 85 percent a history 
of one or more myocardial infarctions, 73 percent cardiomegaly, 38 
percent mitral regurgitation, 98 percent severe stenosis of two or three 
major coronary arteries, and 100 percent a left ventricular ejection 
fraction of 25 percent or less. 

Forty-two patients were managed medically, and 24 surgically with 
aortocoronary bypass grafts or ventricular plication. or both. The clini- 
cal and hemodynamic findings in both croups were nearly identical. In 
a follow-up period of 12 months, the mortality rate was 31 percent in 
the medical group and 50 percent in the surgical group, with 83 per- 
cent of the surgical deaths occurring within 1 month of operation. 
There was no significant difference in the functional status of medical 
and surgical survivors. Regardless of therapy, patients with mitral re- 
gurgitation or a left ventricular end-diastolic pressure of 24 mm Hg or 
greater had a significantly higher mortality rate than patients without 
these findings. This study indicates that patients with ischemic cardio- 
myopathy have a poor prognosis, and surgical intervention with current 
available techniques has a high operative mortality rate without signifi- 
cantly altering the symptoms in the survivors. 


Severe obstructive atherosclerotic coronary artery disease can ad- 
versely affect myocardial performance.'-? The term “ischemic cardio- 
myopathy” was coined by Burch and co-workers ^-? to characterize 
the severe myocardial dysfunction that may result from occlusive cor- 
onary artery disease. Since little is known concerning the natural his- 
tory of this condition, we reviewed the records of 1,042 consecutively 
studied patients from this laboratory who had undergone selective 
coronary and left ventricular cineangiography between January 1, 
1968 and March 1, 1972. From this review, 66 patients were identified 
as having ischemic cardiomyopathy according to the following crite- 
ria: (1) A generalized decrease in the cineangiographic pattern of left 
ventricular contraction with an ejection fraction of 25 percent or less 
(Fig. 1). Patients with only localized ventricular disease and discrete 
ventricular aneurysm were excluded. (2) Significant coronary athero- 
sclerosis of one or more major coronary vessels. (3) No other coexist- 
ing lesions, such as proved primary valvular disease or congenital 
heart disease. : 
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FIGURE 1. Left ventriculograms. 
Right anterior oblique projection of 
end-diastolic and end-systolic cine 
frames revealing a poorly contracting 
left ventricle with a 25 percent ejec- 
tion fraction. 


The clinical, hemodynamic and pathologic data of 
these patients were analyzed, and their response to 
medical and surgical therapy was examined. 


Materials and Methods 


The study population consisted of 59 men and 7 women 
aged 29 to 67 years (mean 53 years). Each patient had a 
history of a previous myocardial infarction and angina or 
congestive heart failure, or both (heart failure is defined 
specifically as paroxysmal nocturnal dyspnea or salt and 
water retention, or both). Their functional classification 
(New York Heart Association criteria) at the time of cardi- 
ac catheterization and coronary artery disease risk factors 
(hypercholesterolemia, hypertriglyceridemia, hypertension, 
diabetes mellitus, positive family history for coronary ar- 
tery disease and cigarette smoking) were tabulated. 

Chest X-ray films (posteroanterior and lateral projec- 
tions) and 12 lead electrocardiograms were obtained in all 
patients. Cardiac enlargement was graded from the chest 
X-ray film as absent or present; a cardiothoracic ratio of 
greater than 45 percent was considered abnormal. Vector- 
cardiograms (Frank system) were obtained in 40 patients. 
A diagnosis of myocardial infarction was based on electro- 
cardiographic and vectorcardiographic criteria described 
by McConahay et al.’ 

Cardiac catheterization studies: All patients under- 
went left and right heart catheterization with selective cor- 
onary cineangiography in multiple positions. Significant 
occlusive coronary atherosclerosis was defined as a 70 per- 
cent or greater stenosis of the lumen of a major coronary 
artery. Cardiac output was determined by the Fick method. 
Left cineventriculography was performed with the patient 
in a slight right anterior oblique position and filmed at a 
rate of 60 frames/sec. The contrast medium, Hypaque M®, 
75 percent (sodium and meglumine diatrizoate, Winthrop 
Laboratories) was delivered by a Talley power syringe at a 
rate of 15 ml/sec. In 19 patients, the left ventriculograms 
were obtained using a Picker biplane unit; the remaining 48 
patients were studied using a single plane Phillips cinefluo- 
roscopic unit. The ejection fraction (stroke volume divided 
by end-diastolic volume) was determined from biplane left 
ventricular volume data in 19 patients using methods pre- 
viously described by this laboratory.® In 43 patients single 
plane ejection fractions were calculated by the method of 
Sandler and Dodge.? In the remaining four patients, an 
ejection fraction could not be calculated because of massive 
cardiomegaly; however, the ventricular contractions in 
these patients were subjectively considered to be compara- 
ble to those of patients whose ejection fraction was 25 per- 
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cent or less, and the patients were therefore included in the 
study. The ventricular volume measurements and angio- 
graphic assessments of each patient were examined by at 
least two independent observers. 

Treatment and follow-up: Twenty-four patients were 
treated surgically and 42 patients were managed medically; 
all decisions for choice of management were made by the 
personal physicians, and not on the basis of random selec- 
tion. Follow-up data were available in all patients. In both 
groups, alleviation or worsening of either angina or heart 
failure was defined as a net change of one or more New 
York Heart Association functional class from the time of 
catheterization to the time of follow-up. In the nonsurvi- 
vors, the cause of death was determined from pathologic 
data, a review of the patient's hospital record and report of 
the patient's personal physician or his immediate family. 
Sudden death was arbitrarily defined as death within 1 
hour of the onset of symptoms. Survival curves were con- 
structed by using death as the end point, and time zero as 
the date of cardiac catheterization for the medical group 
and the date of operation for the surgical group. The aver- 
age time interval between cardiac catheterization and oper- 
ation was 4 weeks. All patients were followed up for 1 year, 
with 2 year survival statistics derived from standard life- 
table analysis.? 


Results 
Clinical Findings 


'The clinical data in the 66 patients at the time of 
cardiac catheterization are summarized in Table I. 
Fifty-six patients (85 percent) sustained a remote 
myocardial infarction by history, 50 patients (76 per- 
cent) had angina pectoris (average 4.8 years) and 33 
patients (50 percent) had symptoms of congestive 
heart failure (average 2 years). T'wo or more coronary 
risk factors were present in 47 patients (70 percent). 
Only three patients (4 percent) were asymptomatic. 
The functional classification of all patients is shown 
in Figure 2 and was not statistically different in the 
groups with angina and heart failure. 

Physical examination demonstrated the presence 
of an atrial gallop in 75 percent, a ventricular gallop 
in 45 percent, an abnormally displaced apical im- 
pulse in 40 percent and an apical systolic murmur in 
32 percent of the patients. Results of the physical ex- 
amination were entirely normal in 9 percent of the 
patients. 
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TABLE | 
Clinical, Laboratory and Cineangiographic Findings 
Frequency 
(%) 
History 
Myocardial infarction 85 
Two or more risk factors 70 
Angina pectoris 76 
Heart failure 50 
Asymptomatic 4 
Physical examination 
Atrial gallop 75 
Ventricular gallop 45 
Abnormal apical impulse 40 
Apical systolic murmur 32 
Normal 9 
Laboratory findings 
Myocardial infarction (electrocardiogram, 83 
vectorcardiogram) 
Cardiomegaly (X-ray) 73 
Angiographic findings 
3 vessel stenosis 71 
2 vessel stenosis 27 
1 vessel stenosis 2 
Mitral insufficiency 38 
NYHA CLASSIFICATION 
AT TIME OF CATHETERIZATION 
* 100 ANGINA 





FIGURE 2. New York Heart Association (NYHA) functional classifi- 
cation for angina pectoris and heart failure in all patients. The num- 
bers above each bar represent the number of patients in each 
group. 
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HEART 
FIGURE 3. Frequency of X-ray findings of cardiomegaly and normal- 
sized heart in patients with symptoms of heart failure. The ratio of 
patients with heart failure to the total number with the respective X- 
ray findings is shown inside each bar. 


The diagnosis of a remote myocardial infarction 
was made from the electrocardiogram or vectorcar- 
diogram, or both, in 55 patients (83 percent); 5 (8 
percent) had left bundle branch block, 4 (6 percent) 
left ventricular hypertrophy, 1 left anterior hemi- 
block and 1 a normal tracing. Cardiomegaly was evi- 
dent on chest X-ray film in 48 patients (73 percent). 
The relation between the presence or absence of clin- 
ical heart failure in patients with and without cardio- 
megaly is noted in Figure 3. Clinical heart failure was 
present in 58 percent of patients with cardiomegaly 
and in 26 percent of patients without cardiomegaly. 
Thirteen (72 percent) of the 18 patients without car- 
diomegaly had angina pectoris as the only symptom. 

Twenty-five of the 66 patients (38 percent) had 
mitral regurgitation demonstrated by left ventricu- 
lography. 'The left ventricular ejection fraction calcu- 
lated in 62 patients ranged from 8 to 25 percent (av- 
erage 19 + 5 percent; normal >59 percent). The mean 
left ventricular end-diastolic pressure averaged 21 + 
9 mm Hg for all 66 patients (normal 9.3 + 3.7). In 24 
patients, the left ventricular end-diastolic pressure 
was greater than 24 mm Hg. The mean arteriovenous 
oxygen difference in 64 patients was 6.4 + 1 volume 
percent (normal 4.6 + 0.7). 

Selective coronary arteriograms revealed signifi- 
cant obstructive disease of all three vessels in 71 per- 
cent, of two vessels in 27 percent and of one vessel in 
only 2 percent of the patients. The left anterior de- 
scending artery was significantly stenosed in all pa- 
tients, with similar involvement of the right coronary 
artery in 88 percent, the circumflex artery in 79 per- 
cent and the main left coronary artery in 4 percent. 
Collateral vessel filling of occluded or subtotally oc- 
cluded coronary arteries was demonstrated in 49 pa- 
tients (73 percent) during selective coronary cinean- 


giography. 
Results of Medical and Surgical Treatment 


Of the 66 patients with ischemic cardiomyopathy, 
24 were operated upon and 42 managed medically. 
'The mean age of the surgically treated patients was 
51 years (range 34 to 66) and of the medically treated 
patients 55 years (range 29 to 71). The survival 
curves are shown in Figure 4. There were eight imme- 
diate surgical deaths (33 percent), and a 6 month sur- 
vival rate of 54 percent. This rate was significantly 
different (P «0.05) from the 81 percent survival rate 
in the medically treated group. However, at the 1 
vear follow-up date, there were 12 deaths in the sur- 
gical group (50 percent) and 13 deaths in the medical 
group (31 percent), and this difference was not statis- 
tically significant. By life-table analysis, the 2 year 
survival rates of 62 and 50 percent in the medical and 
surgical groups, respectively, were also not signifi- 
cantly different. 

There was no correlation in either group between 
survival and the presence or absence of coronary col- 
lateral vessels as determined angiographically. Of the 
12 surgical deaths, 10 occurred a: the time of opera- 
tion or by 1 month postoperatively. The type of oper- 
ative procedure and mortality rates are ‘shown in 
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Table II. The causes of death in all patients are 
shown in Table III. The low output syndrome with 
hypotension, oliguria and mental confusion, as well 
as refractory ventricular arrhythmias, was more com- 
monly seen in the surgically treated patients who 
died. 

Postmortem examination was performed in 5 of 24 
patients who died during the course of the study. All 
had undergone coronary artery bypass surgery and 
died within 4 days of the operation. In four patients, 
all of the bypass grafts were patent; in the fifth pa- 
tient, one of two saphenous vein grafts was throm- 
bosed. All five had left ventricular hypertrophy; the 
mean heart weight was 506 g and average left ventric- 
ular wall thickness 1.5 cm. All five patients had large 
discrete areas of fibrosis with interspersed islands of 
normal-appearing myocardium, and one patient had 
evidence of an acute myocardial infarction. 


Factors Affecting Mortality 


The functional status of the groups with angina 
and congestive heart failure during the 1 year follow- 
up period is shown in Figure 5. There was no signifi- 
cant improvement in functional class in either group 
of patients, although a trend of less angina in the 
small number of surgical survivors was noted. 

The 1 year mortality rates for the medically and 
surgically treated patients were not associated with 
the presence or absence of either three vessel coro- 
nary artery disease, X-ray evidence of cardiomegaly, 
arteriovenous oxygen difference greater than 6.4 vol- 
ume percent or cardiac output of less than 4.1 liters/ 
min. However, significant correlation was found for 
mortality in patients with a left ventricular end-dia- 
stolic pressure greater than 24 mm Hg (Fig. 6). The 
latter was significant for both the surgically (P 
<0.05) and medically (P <0.01) treated patients, who 
had respective mortality rates of 83 and 56 percent. A 
left ventricular end-diastolic pressure of less than 24 
mm Hg was associated with respective mortality 
rates of 39 and 8 percent in the surgically and medi- 
cally treated patients. 

Similarly, there was a significant association be- 
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FIGURE 4. One year follow-up data and 2 year life-table analysis for 
patients in the medical and surgical groups. The 6 month survival dif- 
ferences were significant (P <0.05); those at 1 and 2 years were 
not. The three numbers in parentheses represent the number of pa- 
tients alive (left) the number of patients who died (center) and the 
number of patients not yet reaching that period of follow-up. 
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TABLE II 
Type of Operative Procedure and Mortality 


Lived Died 


Single graft 

Single graft + resection 

Single graft + plication 

Double graft 

Double graft + resection 

Double graft + plication 

Y graft 

Y graft + plication 

Plication alone 

Resection alone 

Mitral Starr-Edwards prosthesis 

Death at thoracotomy 
Total 


moo oo ~j.Oo CO KR W W F PO 
NR E BSR OFM lO FM AD Mm CO CO 


það 
T 


TABLE Ill 


Immediate Cause of Death 





Group 





Surgical Medical 





Low output syndrome 
Arrhythmia 

Congestive heart failure 
Myocardial infarction 
"Sudden death” 
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FIGURE 5. Results of therapy in survivors. No significant change in 
symptoms of angina or heart failure occurred in either the medically 
or surgically treated groups, although a trend toward reduction in an- 
gina was seen in the surgical survivors. The numbers above the bars 
represent the number of patients whose condition had improved or 
was unchanged or had deteriorated by one functional classification 
(New York Heart Association criteria). 
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FIGURE 6. A significant mortality rate was observed in both the 
medically and surgically treated patients when the end-diastolic pres- 
sure in the left ventricle exceeded 24 mm Hg. The number of deaths 
(figures at left) and the number of patients with and without this he- 
modynamic finding are shown above the bars. 
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FIGURE 7. Angiographic evidence of mitral insufficiency correlated 
státistically with mortality rates in both the medically and surgically 
treated patients. The numbers a: the top of each bar represent the 
number of deaths (figures at left) and the total number of patients 
with and without mitral insufficiency in each group. 


tween mortality in the surgical (80 percent, P «0.05) 
and medical (67 percent, P «0.01) groups if angio- 
graphic evidence of mitral insufficiency was present 
(Fig. 7). Among patients without mitral insufficiency, 
28 percent of those treated surgically and 7 percent 
of those treated medically died. 
Discussion 
In 1970, Burch et al.* noted the association of coro- 
nary artery disease and generalized ventricular dys- 
function. They postulated that the two processes 
were related as cause and effect and not due to the 
chance association of coronary artery disease with 
primary myocardial disease of unknown origin. They 
coined the term "ischemic cardiomyopathy" for this 
entity. 


Clinical Diagnosis of Ischemic Cardiomyopathy 


Previous studies have defined ischemic cardiomy- 
opathy as the presence of congestive heart failure in 
patients with coronary artery disease and cardiomeg- 
aly.519.!! Our observations indicate that these clinical 
criteria for ischemic cardiomyopathy are not ade- 
quately sensitive since they exclude patients without 
overt heart failure (50 percent in our series) or car- 
diomegaly on chest X-ray film (27 percent in our se- 


ries). Although our results confirm the finding of 


other investigators that increasing heart size corre- 
lates with clinical symptoms of congestive heart fail- 


ure, severe generalized left ventricular dysfunction 
may be present with a heart of normal size on chest 
X-ray examination. Furthermore, 72 percent of our 
18 patients with a heart of normal size had angina 
pectoris, without congestive heart failure, as their 
only symptom. Hence, the chest X-ray findings and 
clinical symptoms are of limited value in identifying 
ischemic cardiomyopathy. 

Cardiac catheterization with selective coronary ar- 
teriography and left ventriculography is essential to 
establish the diagnosis of ischemic cardiomyopathy. 
Although the left ventriculogram demonstrates an 
overall profound decrease in contraction, the pattern 
is not necessarily uniform and frequently reveals lo- 
calized areas of asynergy. This observation is consis- 
tent with our postmortem finding of focal areas of fi- 
brosis interspersed between normal-appearing myo- 
cardium. 


Medical vs. Surgical Treatment 


Although prolonged bed rest and the usual phar- 
macologic treatment of congestive heart failure have 
been found beneficial for patients with ischemic car- 
diomyopathy, the overall results have been poor and 
of only temporary benefit? A direct surgical ap- 
proach has been employed in an attempt to restore 
coronary blood flow by means of the aortocoronary 
saphenous vein bypass graft and thereby improve 
mvocardial function in areas with marginal coronary 
blood flow. Reconstructive ventricular surgery by ei- 
ther resection or plication of the myocardium should 
also theoretically decrease left ventricular wall ten- 
sion and oxygen consumption by decreasing chamber 
size. Finally, in the presence of coexisting mitral re- 
gurgitation, one might anticipate improvement in 
cardiac performance by the replacement of the mitral 
valve with a prosthetic valve, thereby relieving the 
excessive volume overload of the left ventricle. 

The reported results of these surgical procedures 
have been unclear. Mundth et al.!! reported good 
symptomatic improvement with a 15 percent mortali- 
ty rate in 40 patients who had aortocoronary bypass 
surgery. However, 11 of these patients also had resec- 
tion of a discrete aneurysm, which may relate to im- 
provement if the remaining portion of the left ventri- 
cle functions at a near normal level. None of the pa- 
tients described in our report had a discrete ventricu- 
lar aneurysm. Spencer et al.!? reported a 37 percent 
immediate surgical mortality rate in a group similar 
to our patients, although five patients with a left ven- 
tricular aneurysm were included. 

Similarly, our surgically treated patients did 
poorly, although there was a trend toward reduction 
of angina in this group. Although the mortality rate 
in the surgical group at the 1 year follow-up date was 
higher than in the medical group (50 versus 31 per- 
cent), 83 percent of the deaths in the former group 
occurred at or within 4 weeks of operation. It should 
again be pointed out that our patients had coronary 
artery disease and a poorly functioning ventricle and 
were not randomly selected for either surgical or 
medical therapy. Some were rejected for surgery be- 
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cause their hemodynamic status was so poor; others 
were chosen for surgery because the outlook for sur- 
vival was poor medically and surgery was thought to 
offer a "chance" for survival. Whether the surgical 
group is biased in favor of more suitable survivors is 
not known but if so, the percentage of surgical survi- 
vors would be reduced. The survival statistics in the 
medically treated patients were not unlike those 
found by Feild et al.!? when following up the clinical 
course of 26 patients with nonischemic cardiomyopa- 
thy and ejection fractions of 20 percent or less. 

Causes of poor surgical results and high mor- 
tality rates: These results are not surprising in view 
of the postmortem findings in five of our patients. 
Surgical plication or resection could not be expected 
to eliminate the fibrotic areas alone since these areas 
are interspersed with myocardium that appears 
healthy and selective resection of only the diseased 
tissue is technically impossible. Similarly, mitral in- 
sufficiency in these patients, unlike that in rheumatic 
heart disease, is probably the result rather than the 
principal cause of ventricular failure. Implanting a 
prosthetic mitral valve in these patients, while elimi- 
nating mitral insufficiency, may not improve ventric- 
ular contraction since the diseased myocardium per- 
sists and the low pressure runoff is removed. The one 
patient who had mitral valve replacement was oper- 
ated on early in our experience with ischemic cardio- 
myopathy and survived the procedure only to die 6 
months postoperatively with uncontrollable conges- 
tive heart failure. On repeat cardiac catheterization 3 
months postoperatively, the patient's ejection frac- 
tion, originally 21 percent, had become incalculable 
because the heart was so large that it could not be 
completely contained by the cine frame and the only 
way we could tell that systole was occurring was to 
watch the fairly visible ball seat in the mitral pros- 
thesis. The mitral insufficiency was no longer pres- 
ent. Mitral valve replacement, therefore, does not ap- 
pear to solve the problem of heart failure in this type 
of patient. 
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Correlation of left ventricular end-diastolic 
pressure, mitral insufficiency and mortality: An 
important finding of this study was the high correla- 
tion of mortality with left ventricular end-diastolic 
pressure greater than 24 mm Hg and angiographic 
evidence of mitral insufficiency. This correlation ex-- 
isted in both the medically and surgically treated pa- 
tients. We believe that these factors reflect end-stage 
involvement of the left ventricle. This progression is 
illustrated by the course of one of our patients who 
underwent cardiac catheterization on two occasions. 
In the first study, mitral insufficiency was not pres- 
ent, the left ventricular end-diastolic pressure was 18 
mm Hg and the ejection fraction was 24 percent. 
Eighteen months later, without clinical evidence of 
reinfarction, a restudy demonstrated severe mitral 
insufficiency with an increase in left ventricular end- 
diastolic pressure to 28 mm Hg; the ejection fraction 
remained the same. 

Relative to the association of mitral regurgitation 
and increased left ventricular end-diastolic pressure, 
Dear et al.!? remarked that such patients with coro- 
nary artery disease have a left ventricular end-dia- 
stolic volume exceeding 250 ml. These hemodynamic 
abnormalities were not seen in their patients with left 
ventricular end-diastolic volumes of less than 250 ml, 
thus suggesting that a high level of left ventricular 
end-diastolic pressure and mitral regurgitation are 
found in patients with a large dilated ventricle. 

Patients with ischemic cardiomyopathy appear to 
have a poor prognosis regardless of the type of thera- 
py used. To diagnose the condition correctly one can- 
not rely strictly on the clinical history, physical ex- 
amination, chest X-ray findings or electrocardio- 
gram. Specific tests necessary to make the diagnosis 
of ischemic cardiomyopathy must include selective 
coronary angiography and left ventriculography. 
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Aortocoronary saphenous vein grafts from 40 patients (total 62 grafts) 
were studied at autopsy. The earliest change seen was the insudation 
of blood constituents into the vein intima. Occluding thrombi were seen 
in six grafts from short-term survivors, and one organized thrombus 
was seen in a graft from a long-term survivor (28 months). Various de- 
grees of intimal thickening were seen in grafts from all patients surviv- 
ing for more than a month; this had progressed to diffuse occlusion in 
three cases. Gross and microscopic findings correlated well with post- 
mortem angiographic findings in the long-term survivors. Electron mi- 
croscopic examination showed smooth muscle cells, collagen fibers 
and ground substance in the thickened intima. Fibroblasts were not a 
feature of this thickening. Increased permeability of the graft endothe- 
lium, due to injury or hemodynamic factors, may result in exposure of 
medial smooth muscle cells to certain plasma factors and thus pro- 
mote smooth muscle cell hyperplasia as has been produced in certain 
experimental models. 


Aortocoronary bypass grafts utilizing segments of autogenous saphe- 
nous vein have become increasingly popular in the management of 
atherosclerotic coronary artery disease. The results have been en- 
couraging!? but, in a certain percentage of cases, early or late occlu- 
sion of the grafts has occurred.? There have been relatively few stud- 
iest-? of the pathologic changes in the vein grafts. Occlusicns have 
been ascribed to thrombosis? or diffuse or segmental intimal thick- 
nening.* Two reports?? described electron microscopic findings in the 
intima of the vein, and one of these? considered the cellular popula- 
tion comprising the intimal thickening. 

The present study was undertaken to seek information on the se- 
quence of events in the pathogenesis of occlusion of vein grafts. 


Materials and Methods 


The hearts of 40 patients who had undergone aortocoronary saphenous 
vein graft surgery were studied. In one case the operation was not performed 
at the Mayo Clinic; in two cases in which the operation had been performed 
at the Mayo Clinic, the patients died elsewhere and the hearts were sent to us 
by the local pathologists. The 40 cases were divided into the following five 
groups according to length of survival postoperatively: group 1, patient died 
during or within hours after operation (13 cases); group 2, patient survived 1 
day to 1 week postoperatively (9 cases); group 3, patient survived 1 week to 1 
month postoperatively (9 cases); group 4, patient survived 1 month to 6 
months postoperatively (4 cases); and group 5, patient survivec for more 
than 6 months (5 cases). 

Each heart, including the grafts and coronary arteries, was examined 
grossly, and segments of the grafts were taken for histologic section. Paraffin- 
embedded blocks were cut at 5 to 8 um and stained with hematoxylin-eosin 
and elastic-van Gieson stains. Some of the sections were stained with period- 
ic acid-Schiff and Hale's colloidal iron techniques. 

For electron microscopy, material was obtained from hearts fixed for 
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months in formalin in three cases and at the time of autop- 
sy in one case. In the former instances, thin segments of the 
graft were rinsed in several changes of cacodylate buffer 
(pH 7.2) and postfixed in 2 percent osmium tetraoxide for 2 
hours. In the latter, thin segments of the grafts were fixed 
for 4 hours in 4 percent buffered glutaraldehyde, rinsed 
overnight in cacodylate buffer, and postfixed in 1 percent 
osmium tetraoxide for 2 hours. All tissues were dehydrated 
in graded alcohols and embedded in epoxy resin (Epon 
812). Thin (0.5 um) sections were cut with glass knives and 
stained with Azure II and by the Jones silver methenamine 
technique.!? Ultra-thin sections of selected areas were cut 
with diamond knives, mounted on copper or nickel grids, 
stained with uranyl acetate and lead citrate, and examined 
in an electron microscope (RCA EM-U3G). 

In most cases, biopsy specimens of the veins to be used 
as grafts had been obtained at the time of surgery. Sections 
stained with hematoxylin-eosin and elastic van Gieson 
stains were available for review. 

Postmortem coronary angiograms!! had been made in 
most of these cases. Detailed studies were made of these 
angiograms on patients in group 5 (long-term survivors) 
and compared with postoperative angiograms. 


Results 


Bypass surgery had been done for atherosclerotic 
coronary artery disease in all cases except one (a 15 
year old boy who had bacterial endocarditis necessi- 
tating aortic valve replacement and grafts to the right 
and left anterior descending coronary arteries). The 
grouping of the patients and the results are summa- 
rized in Table I. 


Morphologic Findings 

Histology of normal saphenous vein: In the nor- 
mal saphenous vein,!? a single layer of endothelial 
cells lined the luminal aspect. Usually there was no 
distinct internal elastic lamina. The subendothelial 
space (between the endothelium and the medial 
smooth muscle cells) contained ground substance, 
collagen and elastic fibers. Focally, particularly in 


TABLE ! 
Pathologic Changes in Aortocoronary Saphenous Vein Grafts 
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older patients, discrete internal elastic lamina could 
be seen. Thus, a distinct intima composed of spindle 
cells, collagen and elastic fibers could be identified 
(Fig. 1). This intimal "thickening," however, was 
never prominent and did not seem to obstruct blood 
flow. 

Group 1: Ten patients died during operation and 
three survived only a few hours. Eight had double 
grafts and five had single grafts. Grossly, all 21 grafts 
were patent. Microscopically, grafts from seven of the 
patients who died during operation were considered 
normal (Fig. 1). In the rest, the endothelial cells ap- 
peared to be absent focally. The viability of the re- 
maining cells could not be ascertained. In grafts from 
three patients who died during operation and from 
all patients who survived for a few hours, there were 
a few erythrocytes and polymorphonuclear leuko- 





FIGURE 1. Saphenous vein graft from a patient who died during op- 
eration. Note the slight thickening of the intima, considered normal 
for age. The internal elastic lamina is stained black. The lumen con- 
tains a postmortem clot. (Elastic van Gieson X40, reduced by 17 
percent.) 





Grafts (no.) 
Occluded 
Age (yr) Mainly by 
Postoperative Patients (mean & Mainly by Intimal 
Group Interval (no.) range) Sex Distribution Total Patent Thrombosis Reaction 
(oer. Uh Ben URP UE S cn II Mp E 0A Ra CSS PORRO: QU SCR POE DES La Gs Rae ee hy ee PAPA 05 Qn CIE Tue RR BR DR Qn 
1 <1 day 13 55 3F, 10M 21 21 0 0 
(44-63) 
2 1 day-1 wk 9 53 1F, 8M 12 10 2 0 
(33-63) . 
3 1 wk-1 mo 9 55 1F, 8M 14 11 3 0 
(45-65) 
4 1 mo-6 mo 4 43 1F, 3M 7 5 1 1 
(15-55) 
5 >6 mo 5 57 1F, 4M 8 5 1* 2 
(53-66) | 


* Organized. 
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cytes and some fibrin in the intima. In one of these 
cases, polymorphonuclear leukocytes were scattered 
throughout the wall; however, the medial muscle cells 
were not necrotic. 

Group 2: In this group of nine patients who sur- 
' vived 1 day to 1 week there were 12 grafts (7 single, 1 
double and 1 triple). Two grafts were occluded by ad- 
herent thrombi. Eight grafts showed variable 
amounts of fibrin, erythrocytes and polymorphonu- 
clear leukocytes in the intima, and one of these eight 
had a fibrinous deposit forming a mural thrombus 
(Fig. 2). 

Group 3: Of these nine patients who survived 1 
week to 1 month, five had double grafts and four had 
single grafts. Three grafts were occluded by thrombi. 
The other grafts were widely patent and did not have 
grossly apparent intimal thickening. Microscopically, 


all 14 grafts showed insudation of blood constituents. 


into the intima and one graft showed marked poly- 
morphonuclear leukocytic infiltration of the media 
and necrosis of muscle cells. Although the intima did 
not appear to be thickened, it appeared more cellular 
than normal (Fig. 3). 

Electron microscopy showed definite thickening of 
the intima by edema and by increased numbers of 
cells. The cells were spindle-shaped and contained 
myofibrils, dense bodies and variable amounts of 
rough endoplasmic reticulum. Deposits of fibrin also 
were observed. 

Group 4: These four patients who survived 1 to 6 
months included three with double grafts and one 
with a single graft. One of the seven grafts (from a 
patient with double grafts) was thrombosed. In an- 


other patient with a double graft who survived for 5 . 


months, the graft to the right coronary artery was 
narrowed but patent and the graft to the left anterior 
descending artery was completely occluded. In this 
patient, the left anterior descending artery distal to 
the graft was completely occluded by the atheroscle- 
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FIGURE 2. Vein graft from a patient who died 2 days postoperative- 
ly, showing deposit of fibrin forming a mural thrombus. (Hematoxylin- 
eosin X 16, reduced by 17 percent.) 


rotic process, whereas the right coronary artery distal 
to its graft was widely patent. 

The other three grafts were widely patent, but inti- 
mal thickening was apparent grossly. In one, the inti- 
ma was as thick as the rest of the vessel wall. Histo- 
logically, the thickened intima had a loose edematous 
matrix and haphazardly arranged spindle cells with 
distinctly eosinophilic cytoplasm. There was marked 
insudation of blood constituents into the intima in 
two grafts, and one other had an incipient fibrin 
thrombus. One of these four cases was that of the 15 
vear old boy without atherosclerotic coronary artery 
disease and, although the grafts were widely patent, 
the intima was markedly thickened. 

Eiectron microscopic studies were performed on 
both grafts from the case with one completely occlud- 
ed graft and one narrowed but patent graft. No endo- 
thelial lining was seen in either vein graft in multiple 
electron micrographs. Occasionally, smooth muscle 
cells appeared to line the lumen. There were large 
numbers of collagen fibers and ground substance in 
the intima (Fig. 4A). All cells present were smooth 
muscle cells with myofibrils, dense bodies, pinocytic 
vesicles and basement membranes (Fig. 4B). Some of 
the cells contained rough endoplasmic reticulum and 
dilated cisternae of smooth endoplasmic reticulum 
(Fig. 4C). Many of the cells contained vacuoles that 
presumably contained lipid originally (Fig. 4D). 

Group 5: In this group of five patients who sur- ` 
vived more than 6 months, three had double grafts 
and two had single grafts. The grafts from two pa- 
tients with single grafts were completely and diffuse- 
ly occluded. In one patient with a double graft, one 
graft was occluded with intimal thickening and the 
other was diffusely narrowed but had a tinv lumen 
(Fig. 5). 'The grafts from the other two patients, who 
survived 8 and 19 months, respectively, were widely 
patent, but intimal thickening was grossly discern- 
ible. Microscopicallv, the intimal thickening was sim- 
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FIGURE 3. Vein graft from a patient who died 19 days postopera- 
tively, showing increased cellularity of intima containing erythrocytes 
and fibrin. Lumen is at top; media is at lower right corner. (Hematox- 
ylin-eosin X500, reduced by 17 percent.) $ 
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ilar to that described in group 4 except that in one 
patient (with a single graft) the intima appeared rela- 
tively acellular with marked fibrosis, suggesting an 
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amount of acid mucopolysaccharides in the intima 
(Fig. 6). 


In two of these cases, 0.5 um sections stained with 


silver methenamine demonstrated basement mem- 
brane about the cells of the thickened intima. Elec- 
tron micrographs did not show endothelial cells. The 
majority of cells of the intima were typical smooth 


organized thrombus. Periodic acid-Schiff stains re- 
vealed basement membranes around the spindle- 
shaped cells making up the thickened intima. Hale's 
colloidal iron stain demonstrated an abundant 








FIGURE 4. Electron micrographs of vein graft intima (patient died 5 months postoperatively). A, three typical smooth muscle cells surrounded by 
collagen fibers and ground substance. (X6,600.) B, detail of a typical smooth muscle cell. The cytoplasm is filled with myofibrils. There are a few 
intracytoplasmic and peripheral dense bodies. (X 19,600.) C, a "modified" smooth muscle cell. The peripheral cytoplasm contains myofibrils and 
dense bodies. The center shows abundant rough and smooth endoplasmic reticulum. (X 17,500, reduced by 5 percent.) D, several smooth mus- 
cle cells with intracytoplasmic vacuoles that presumably contained lipid. (X3,300.) 
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FIGURE 6. Vein graft (lumen at left) with marked intimal thickening 
(patient died 5 months postoperatively). Special stain shows pres- 
ence of abundant acid mucopolysaccharides (originally dark blue) in 
intima. (Hale's colloidal iron X64, reduced by 17 percent.) 


muscle cells with sparse organelles. A few contained 
prominent rough endoplasmic reticulum. 'These cells 
were surrounded by collagen fibrils and ground sub- 
stance presumably corresponding to the acid muco- 
polysaccharide seen on light microscopy. Blood ele- 
ments were not recognized. 


Coronary Arteriograms 


Follow-up coronary arteriograms had been made in 
all patients in group 5 (long-term survivors), usually 
approximately 2 months postoperatively, and had 
demonstrated patent grafts in all except one case. 
'This case, at autopsy, showed diffuse occlusion with a 
fibrosed, relatively acellular stroma suggesting an or- 
ganized thrombus. In one patient, a repeat arterio- 
gram obtained 9 months postoperatively showed an 


FIGURE 5. Vein graft from a patient 
who died 8 1/2 months postopera- 
tively. A, concentric intimal thickening 
with a residual microscopic lumen. 
(Hematoxylin-eosin X64, reduced by 
17 percent.) B, elastic tissue stain re- 
veals that the thickening is on the lu- 
minal aspect of the internal elastic 
lamina, which stains darkly. (Elastic- 
van Gieson X64, reduced by 17 per- 
cent.) " 


occluded graft; this patient died 3 months later and 
at autopsy the graft was diffusely occluded by intimal 
thickening. 

Postmortem coronary angiograms disclosed no fill- 
ing of the grafts in the two cases in which there was 
gross occlusion and in the one with a microscopic 
lumen. In the other two cases there was good opacifi- 
cation of the grafts. 


Discussion 


Changes were seem in aortocoronary saphenous 
vein bypass grafts at all time intervals after opera- 
tion. Except for polvmorphonuclear infiltration of 
the media in two cases (with associated necrosis in 
one), the changes were limited to the intima. Because 
sections of veins made at the time of operation re- 
vealed no pathologic changes, we assume that the al- 
terations seen at autopsy occurred after blood flow 
had been established. 

Early changes in intima: The earliest change was 
the presence of fibrin, erythrocytes and polymorpho- 
nuclear leukocytes in the intima, and this was seen 
consistently in all grafts from patients who died 
shortly after operation. Similarly, blood elements 
also were seen within the intima in some of the grafts 
from patients who died during operation, suggesting 
that blood flow at arterial pressure for even a short 
while can result in insudation of blood elements, 
probably as a result of increased permeability of the 
endothelium. In an experimental model with saphe- 
nous vein grafts, it has been shown that the endothe- 
lium sloughs and microthrombi with platelets form.!? 
Although no definitive statements about the endo- 
thelium in the early stages can be made from our 
study, no endothelial lining was seen in the four cases 
examined electron microscopically. Three of these 
grafts had been fixed in formalin and had undergone 
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postmortem coronary angiograms, which might have 
dislodged the endothelium. In the fourth case, the 
tissue was fixed for electron microscopy immediately 
at autopsy, and no endothelium was seen. In the ex- 
perimental situation!? the endothelium regenerated 
by the 9th day, but we were unable to detect regener- 
ation in the human grafts. However, the lack of endo- 
thelium might represent a postmortem artefact. The 
postulated increased endothelial permeability also 
might be a result of stretching forces produced by the 
unusually high pressure.!4 

Graft thrombosis: Thrombotic occlusion ap- 
peared to occur only at the early times. Microthrombi 
with platelet aggregation were not seen but deposits 
of fibrin on the luminal surface were found. Increased 
endothelial permeability or sloughing of the endothe- 
lium with exposure of underlying collagen or microfi- 
brils could predispose to thrombosis. !® 

Late intimal thickening: Gross or microscopic 
thickening of intima was not seen until 1 month after 
operation. However, electron microscopy revealed 
definite intimal thickening with proliferated smooth 
muscle cells 19 days postoperatively. Grossly visible 
intimal thickening was present in all grafts from pa- 
tients who survived more than 1 month. 

There seemed to be no appreciable differences in 
the changes in the different grafts in cases with dou- 
_ble grafts. In all grafts from groups 4 and 5, grossly 
visible intimal thickening was present. In one such 
case from each group, one graft later became occlud- 
ed, whereas the other had retained a tiny lumen. But 
the difference was minor and, qualitatively, the 
changes were similar. This finding suggests that the 
intimal reaction was not a localized phenomenon of 
the kind that might be caused by surgical trauma. 

Electron microscopic studies confirmed that the 
intimal thickening was due to only one type of cell. 
Kern et al.? considered the cells with abundant rough 
endoplasmic reticulum to be fibroblasts. We believe 
that the presence of myofibrils, dense bodies and 
basement membranes shows these cells to be smooth 
muscle cells. The greater prominence of such “modi- 
fied" smooth muscle cells early after operation indi- 
cates that they are present during the phase of prolif- 
eration. The presence of large numbers of typical 
smooth muscle cells in the late stages suggests that 
the modified cells can become typical smooth muscle 
cells. Such modified smooth muscle cells have been 
observed in vascular intima in various experimental 
situations!?!" and probably represent “activity” in 
smooth muscle cells. Their cell of origin may be 
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smooth muscle cells!’ or fibroblasts,!8 depending on 
the location. 

In addition to smooth muscle cells, the thickened 
intima contained abundant collagen and ground sub- 
stance. Special stains revealed only small amounts of 
lipid. However, in one case electron micrographs re- ` 
vealed vacuoles in the smooth muscle cells. No typi- 
cal atherosclerotic lesions, as described by others,?? 
were seen. The presence of typical and modified 
smooth muscle cells, collagen and ground substance 
does make the intimal thickening similar to an ath- 
erosclerotic lesion.!? A recent study in dogs also sup- 
ports this concept.?? 

Smooth muscle cells are considered an integral 
component of human?! and experimental?" athero- 
sclerosis. Smooth muscle cell proliferation can be in- 
duced by a variety of stimuli!972? and is thought to 
be the early stage of atherosclerosis. The stimulus for 
smooth muscle cell proliferation remains speculative. 
Stripping of endothelium from the arterial wall in 
monkeys produces a smooth muscle cell plaque,?? 
and it has been suggested that factors in normal plas- 
ma stimulate smooth muscle cell proliferation.?? It is 
possible that with increased permeability of the graft, 
either because of endothelial damage or stretching 
forces, smooth muscle cells are continually being ex- 
posed to plasma. The presence of blood constituents 
in the intima in the early stages lends support to this 
view. 

Distal coronary artery and fate of graft: The 
caliber of the coronary artery distal to the graft 
seems to be important in determining the fate of the 
graft.^?^ Presumably, if a normal-sized vein is anas- 
tomosed to a small artery that also is partly occluded 
by atherosclerosis, there might be stagnation of 
blood. Although we could not correlate the size of the 
coronary artery with patency of the graft in all cases, 
an instance of a double graft with occlusion of the 
one anastomosed to a small and narrowed artery sup- 
ports this concept. However, intimal thickening oc- 
curs even when the distal arteries are wide open, as in 
the case of the 15 year old boy. 

Not all saphenous vein grafts undergo occlusion by 
progressive intimal thickening, but all grafts proba- 
bly undergo a certain amount of intimal prolifera- 
tion.. Follow-up arteriograms have shown that de- 
crease in flow does not correlate with narrowing of 
the lumen of the graft.” Why intimal proliferation 
proceeds to occlusion in some cases whereas it ap- 
pears to be arrested at some stage in others is un- 
known. 
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This paper is addressed to two questions: (1) Is there evidence for in- 
creasing hemolysis in patients with a cloth-covered aortic valve pros- 
thesis? (2) Is it possible to predict from the hematocrit, retriculocyte 
count, serum hemoglobin and serum lactic dehydrogenase (LDH) lev- 
els which patients are at risk of anemia? These screening studies were 
performed in patients attending the postoperative clinic from 1970 to 
1973. Patients were classified into anemic and nonanemic groups. LDH 
values for the anemic group include all yearly values for that patient in- 
cluding preanemia levels. The median LDH levels showed a yearly in- 
crease in the anemic group and no change in the nonanemic group (P 
« 0.005). A subset of these patients had a mean 1 year increase of 3 
LDH units for 15 nonanemic patients and 242 units in 17 anemic pa- 
tients. The reticulocyte levels did not demonstrate any progressive in- 
crease in the anemic group. The LDH level was the most useful predic- 
tor of future anemia. A value of 250 units predicted anemia on the next 
yearly visit with 28 percent false positive and 4 percent false negative 
readings. The reticulocyte count of more than 2.5 percent also placed 
the patient at greater risk of anemia. A serum hemoglobin level in ex- 
cess of 40 mg/100 ml was common ín the anemic patients and was 
present in only 3 of 17 nonanemic patients. It is suggested that the 
serum LDH level should be monitored in all patients with the aortic to- 
tally cloth-covered prosthesis. Values in excess of 250 units (four 
times the upper limit of normal by other LDH methods) or increasing 
levels, or both, suggest future anemia. 


Hemolytic anemia after aortic valve replacement with the totally 
cloth-covered aortic prosthesis has been well documented." ? We 
found an initial incidence of 22 percent of severe hemolytic anemia in 
patients with the totally cloth-covered aortic prosthesis.* Because the 
anemia developed several years postoperatively in some of these pa- 
tients we reviewed our data on patients with hemolysis after valve re- 
placement with this aortic prosthesis in an attempt to answer the fol- 
lowing questions: (1) Is there evidence for increasing hemolysis in pa- 
tients with the cloth-covered aortic valve prosthesis? (2) Is it possible 
to predict in which patients anemia will develop from the hemolysis? 


Methods 


Since late 1970 we have been screening all patients with an aortic valve 
prosthesis for hemolysis. Patients were studied if they were at least 3 months 
postoperative and had no evidence of hepatitis. Laboratory examinations 
consisted of determinations of (1) hemoglobin and hematocrit, (2) reticulo- 
cyte count, (3) serum lactic dehydrogenase (LDH) (normal values 23 to 65 
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TABLE I 
Median LDH Values (units) for Each Postoperative Year 


| Year 
Group l 2 3 4 
Anemic -383 (16) 478 (19) 560 (12) 653 (11) 
Nonanemic 181 (20) 150 (18) 187 (11) 147 (5) 





Figures in parentheses indicate sample size. 


units), (4) serum glutamic oxaloacetic transaminase, (5) 
serum haptoglobin concentration by electrophoresis and, 
since 1972, (6) serum hemoglobin and serum iron levels. 
The blood specimens were drawn in the hospital’s central 
laboratory and were promptly processed. 

The criterion for a diagnosis of a significant hemolytic 
anemia secondary to an aortic prosthetic valve was a re- 
duction in hematocrit of 10 volume percent from the pre- 
operative value. Mechanical hemolysis was confirmed by 
finding an increase in reticulocyte count, an increase in 
LDH levels with electrophoresis of the LDH enzymes dem- 
onstrating the increase to be due to the fast fractions, nega- 
tive Coombs’ test, elevation of the serum hemoglobin level 
above 5 mg/100 ml, a decrease in the serum iron concentra- 
tion in the presence of a normal serum iron-binding capaci- 
ty and, most importantly, evidence of red cell fragmenta- 
tion on examination of peripheral film. 

Only patients with a cloth-covered Starr-Edwards aortic 
valve prosthesis, series 2300, 2310 and 2320, were included 
in this analysis. Patients with multiple prosthetic valves, 
one of which was in the aortic position, and patients with 
paravalvular leakage were included in this study. In all pa- 
tients whose diagnosis predated our study, a retrospective 
chart review was carried out to determine the onset of the 
anemia. Paravalvular leakage was considered present if 
there was a left sternal diastolic murmur. Definite leakage 
was considered present if it was at least grade 2/6. 

Anemic and nonanemic groups: Patients with a diag- 
nosis of significant hemolytic anemia as of June 1973 com- 
prised the “anemic” group, and the remaining patients the 
‘“nonanemic” group. The two groups were compared for re- 
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FIGURE 1. Median LDH levels for all patients and for the anemic 
and nonanemic groups by postoperative (POST-OP) year. Bars indi- 
cate approximate 90 percent confidence limits for the true group 
medians. 


TABLE II 


LDH Activity (units) in Patients with Proved Cloth Wear by 
Postoperative Year 











Year 
Case no. l 2 3 4 
1 434 622 870 653 (op) 
2 320 . 2039 (op) 
3 M 265 1490 (op) 
4 670 795 (op) 
5 Te Ne 1300 (op) 





op = reoperation (replacement with another aortic valve 
prosthesis); ... = no values available. 


ticulocyte counts, serum LDH and serum hemoglobin lev- 
els for each postoperative year. Values obtained before the 
diagnosis of anemia are included in the appropriate postop- 
erative year under the anemic group. Jonckheere’s nonpar- 
ametric test® was used to evaluate these results for evi- 
dence of increasing hemolysis in the anemic group in com- 
parison with the nonanemic group. A subgroup of patients 
whose yearly sequential LDH levels were available were 
then compared with the anemic and nonanemic groups to 
again evaluate for increasing hemolysis. Preanemic hema- 
tocrit values, reticulocyte counts and LDH levels were then 
evaluated for their ability to predict future anemia. | 


Results 


Serum LDH values: The yearly median LDH 
values for the two groups of patients are given in 
Table I. Medians rather than means are reported be- 
cause the LDH values have skewed distributions, 
particularly in the anemic group. The difference be- 
tween values in the anemic and nonanemic groups is 
statistically significant (P «0.01) by the rank sum 


test. Figure 1 shows the median LDH values for the: 


anemic and nonanemic groups and for all patients by 
postoperative year. 

With these results in mind, Jonckheere's nonpar- 
ametric test? for ordered alternates was employed to 
determine whether LDH remained unchanged, indi- 
cating a constant rate of hemolysis, or whether LDH 
levels rose, indicating an increase in hemolysis with 
time. The calculated data in the nonanemic group 
suggest a constant rate of hemolysis and the data in 
the anemic group indicate an increasing rate of he- 
molysis (P «0.005). | 

Patients with proved cloth wear at reoperation 
often show a marked increase in LDH activity (Table 
ID. If these patients were deleted from the anemic 
group and the nonparametric test employed, it is evi- 
dent that the LDH levels would still tend to increase 
with time (P «0.05). 

LDH value comparisons over a 1 year interval indi- 
cated that the nonanemic group (15 patients) had a 
mean increase of 3 units of LDH activity and the ane- 
mic group (17 patients) a mean increase of 242 units. 
The greatest change in LDH activity in the nonane- 
mic group was 67 units, whereas 8 of 17 patients in 
the anemic group had an increase of more than 70 
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TABLE Ill 


Reticulocyte Counts (95) for Each Postoperative Year* 


Year 


Group l 2 3 4 5 


i Anemic 4.8 (18) 6.1(17) 6.1(17) 9.2 (12) 4.7 (6) 
Nonanemic 2.2(28) 2.4(12) 2.6(14) 1.8(7) 3.4 (4) 


* Differences between groups are significant for the first 4 
years (P < 0.01, t test). 
Figures in parentheses indicate sample size. 


units. However, since 5 of the 17 anemic patients had 
a decrease in LDH activity over a year, it is evident 
that false negative responses occur. 

Reticulocyte count and serum hemoglobin: The 
reticulocyte counts (percent) were less skewed and 
therefore mean values for each postoperative year are 
shown for the two groups in Table III and Figure 2. 
'The anemic group had significantly higher reticulo- 
cyte counts for each year (P «0.01 by t test). The re- 
ticulocyte data do not support evidence for increas- 
ing hemolysis in either group by the nonparametric 
test. The serum hemoglobin data are limited because 
this determination was part of the routine screening 
studies for only 1 year; therefore, most of the values 
were obtained at the time of the evaluation for ane- 
mia. Table IV gives the mean serum hemoglobin 
values available. As expected, patients in the anemic 


10.0 


ANEMIC 
90 PATIENTS 


yee eo / 
70 i 


6 s Oo -— n ae 


5.0 / 


PERCENT RETICULOCYTES 
~ 
~ 


4.0 


3.0 
apnennsentent® auis ent E 


20 E NON ANEMIC 


PATIENTS 





I e 3 4 9 
YEAR POST-OP 


FIGURE 2. Mean reticulocyte counts (percent) for the anemic and 
nonanemic groups by postoperative year. Bars indicate approximate 
90 percent confidence limits for the true group means. 
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TABLE IV 


Mean Serum Hemoglobin Levels (mg/100 ml) by 
Postoperative Year* 








Year 
Group og E 3 4 
Anemic 65 (7) 500) 738) 54 (10) 
Nonanemic 10 (4) 24 (7) 25 (8) 5 (1) 


* Differences between groups are significant only in the 3rd 
year (P < 0.01, rank sum test). 
Figures in parentheses indicate sample size. 


group had higher values that were significantly dif- 
ferent only in the 3rd year (P «0.01, rank sum test). 
'These data cannot be used to evaluate increasing he- 
molysis. 

Hematocrit: The predictive ability of sequential 
hematocrit values in the diagnosis of anemia was lim- 
ited. Figure 3 gives sequential hematocrit levels be- 
fore the diagnosis of anemia. In several patients the 
postoperative hematocrit values were lower than pre- 
operative values. However, the hematocrit values in 
some cases dropped rapidly to anemic levels or stabi- 
lized for several years before anemia developed. 


Predictive Value of Reticulocyte Count and Serum 
Hemoglobin 


Using a screening rule of a reticulocyte count of 2.5 
percent or greater to predict anemia within 1 year, 
based on a sample size of 10 preanemic values and 28 
values in patients in whom anemia did not develop, 
one might expect a 10 percent false negative rate and 
a 35 percent false positive rate. Adequate preanemic 
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FIGURE 3. Sequential hematocrit values, by postoperative year, in 
patients who manifested anemia. 
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values for serum hemoglobin levels were not available 
to establish a predictive rule. However, 17 of 24 ane- 
mic patients had serum hemoglobin values in excess 
of 40 mg/100 ml, whereas only 3 of 17 nonanemic pa- 
tients had values greater than 40 mg/100 ml. 

' Predictive value of LDH levels: Estimated 
probabilities of false positive and false negative re- 
sults for various screening criteria based on LDH lev- 
els are shown in Tables V and VI. Here, a “false posi- 
tive" occurs if the screening rule does not predict 
anemia for a patient who later has anemia. The rates 
in Tables V and VI were estimated by applying the 
indicated rule to data in patients in the specified 


TABLE V 


Estimated Error Rates (%) for Predicting Anemia on the 
Basis of LDH Level of 250 Units 


False False 
Postoperative Year Positives (95) Negatives (9$) 
1 (16, 20) 25 19* 
2 (19, 18) 28 5* 
3 (12, 11) 27 17* 
4(11, 5) . 20 9 


* False negatives determined at least 1 year before diagnosis. 
Figures in parentheses indicate number of anemic patients 
(first figure) and number of nonanemic patients (second figure). 


TABLE VI 


Estimated Error Rates in Percent Based on Last Preanemic, 
LDH Reading for Various Screening Rules for 11 Anemic and 
40 Nonanemic Patients 


Rule: Predict Anemia False False 

If LDH Greater Than (units) Positives (%) Negatives (%) 
150 68 4 
200 39 4 
225574 31 4 
250 28 4 
275 17 7 
300 13 10 

TABLE VII 


Number of Diagnoses of Anemia by Postoperative Year 
and Valve Series 


Year 
Valve Series l 2 3 4 5 
2300 9(7) 2(18 3(16) 3(16) 1 
2310-2320 9(29 1(19)  1(7) i iv. 


Figures in parentheses indicate number of patients studied 
in our clinic for that postoperative year. The number of patients 
with valve 2300 studied in postoperative year 1 is less than the 
number of diagnoses because this time interval antedated our 
routine screening program. 


postoperative years, then observing the proportions 


of patients misclassified at the end of the study peri- 


od. Table V gives the estimated error rate for the rule 
that predicts anemia for patients with an LDH value 
exceeding 250 units. This rule will result in about 25 
percent false positive and 5 to 18 percent false nega- 
tive readings. All values that would have been false 
negative by this rule were obtained at least 1 year be- 
fore the diagnosis of the anemia. Consequently, bet- 
ter estimates of the error rates might be obtained by 
considering only the latest LDH values for each pa- 
tient. Estimated error rates for various screening 
rules based on the latest measurement are presented 
in Table VI. Using 250 units as the value to predict 
anemia would have resulted in 28 percent false posi- 
tive and 4 percent false negative readings. The esti- 
mate of the false positive rate may be somewhat hagh, 
since anemia may still develop in some of these pa- 
tients. 

Comparison of 2300 and 2310-2320 valve series: 
Table VII gives the number of. diagnoses of anemia 
by postoperative year and valve series. It is impor- 
tant to note that the mean follow-up period is ap- 
proximately 4 years for the 2300 series and about 2 
years for the 2310 and 2320 series. In the first postop- 
erative year the number of patients studied in the 
2300 series is smaller than the number of diagnoses of 
anemia because these diagnoses antedated our rou- 
tine screening program. The presence of “definite” 
paravalvular leakage accelerated the onset of hemoly- 
sis, giving a mean onset time of 15 months in 10 pa- 
tients as compared with 20 months in 18 patients 
without “definite” paravalvular leakage. 


Discussion 


Hemolysis and valve cloth wear: Iron depletion 
through urinary loss has been the usual explanation 
for anemia of late onset secondary to prosthetic valve 
hemolysis. We believe that our data indicate that in- 
creasing hemolysis is an additional factor in the late 
onset of anemia in patients with the cloth-covered 
aortic valve prosthesis. Increased rates of hemolysis 
may be evident during an anemic crisis; however, the 
majority of our patients had increasing LDH values 
in spite of a stable hematocrit. We believe that cloth 
wear is an important factor in the increasing hemoly- 
sis. We performed reoperations in six patients be- 
cause of severe hemolysis, and only one had no evi- 
dence of cloth wear. Valve wear with increasingly se- 
vere hemolysis has been reported previously.? 

Identifying patients at risk for anemia: Our 
data suggest that patients at increased risk of anemia 
can be identified. The postoperative hematocrit 
value is commonly lower than the preoperative value, 
but it may stabilize at this lower level until the onset 
of anemia several years later. This onset may be pre- 
cipitous and iron depletion certainly is an important 
factor in this event. The reticulocyte level is com- 
monly in excess of 2.5 percent in patients at risk of 
having anemia within the coming year. We do not 
have data for the predictive value of the preanemia 
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serum hemoglobin levels. However, a value in excess 
of 40 mg/100 ml was common in those patients with 
anemia, whereas only 3 of 17 patients without a pres- 
ent diagnosis of anemia had values greater than 40 
mg/100 ml. | 

The serum LDH level is perhaps the most useful 
screening test available. If the patient's serum LDH 
. activity is 400 units or greater, anemia is likely to de- 
velop or may already be present. Only 4 of 42 pa- 
tients in the nonanemic group had values in this 
range. The future of these latter patients is, of course, 
still uncertain. An LDH activity of 250 units would 
identify a population at increased risk of anemia. A 
— preanemia LDH level of 250 units in our study gave a 
28 percent false positive, but only a 4 percent false 
negative result, which is acceptable for a screening 
test. | 
There is considerable variance in the manner of es- 
- timation for LDH activity in serum by laboratories. 
_ Variables such as direction of the enzymatic reaction, 
_ temperature (ranging from 37° C to 25? C) and end- 


—— point vs. kinetic assays make interhospital transfer of 


units of LDH activity nearly impossible. Because 
there is no satisfactory correction factor to standard- 
ize the unit of activity, the data presented here, par- 
ticularly those relating to the serum LDH activity 
levels that indicate the patient is at risk, can be con- 
. verted to use in other clinical settings by the fol- 
lowing steps: (1) establish “normal” range of activity 
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- 


for the individual laboratory's technique of assay, 
and (2) multiply the upper limit of normal activity by 
4. This method of expression avoids confusion over 


units and expresses abnormal activity in terms of 


"times normal." In the technique used in this report 
the critical activity level of 250 units is four times thé 
established upper limit of normal for that assay and 
would correspond to 1,600 units as estimated by the 
LDH technique of Henry et al.? 

Other methods for detecting the severity of hemol- 
ysis have been reported. The plasma hemopexin level 
was reported by Eyster et al.!? as being a good indica- 
tor of severe hemolysis. Patients with a high level of 
hemosiderin in urinary sediment were found to have 
marked hemolysis.!! However, the predictive ability 
of these findings has not been demonstrated, and the 
limited availability of these studies restricts their 
use. Since the LDH level correlated well with the de- 
gree of hemolysis and is easily available, we believe it 
offers the best present screening test for hemolysis. 

Clinical implications: Routine monitoring of 
LDH levels in all patients with a cloth-covered aortic 
prosthesis should be carried out. A sudden rise in 
LDH activity of over 70 units should alert the physi- 
cian to the possibility of cloth wear and risk of ane- 
mia. Values exceeding 250 units of LDH would place 
the patient in a high risk category. We believe that 
these patients should be followed up closely for the 
onset of anemia. 
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Seven patients with massive thrombosis on a Bjork-Shiley aortic valve 
prosthesis are described. This complication was documented in 5 per- 
cent of our patients with a Bjork-Shiley valve and occurred 3 to 19 
months (mean 13 months) after insertion of the prosthesis. Only one 
patient had adequate anticoagulant therapy at the time of diagnosis. 
All patients had acute or subacute clinical deterioration. Anginal chest 
pain was the presenting symptom in four patients, and acute lef: ven- 
tricular failure in three. In all patients, the closing click of the Bjork- 
Shiley prosthesis was not heard, and new aortic systolic or diastolic 
murmurs were audible. Cardiac catheterization and aortic root cinear- 
teriography were performed in five patients. Severe prosthetic regurgi- 
tation was found in four patients and mild regurgitation in one. Abnor- 
mal disc motion—fixation of the disc in the open position, abnormal 
limited opening of the disc or imperfect closure—was demonstrated in 
all arteriographic studies. Echocardiograms revealed an immobile disc 
in two patients. 

Five patients were surgically treated by thrombectomy and debride- 
ment of the prosthetic valve; the original prostheses were left in situ. 
Four of these patients are alive and one died. Two patients who did not 
undergo surgical treatment died. Thrombosis on the Bjork-Shiley aortic 
valve has a high fatality rate. Suspicion of this complication should be 
followed by emergency catheterization and surgery. In critically ill pa- 
tients, surgery may be required even without angiography. The occur- 
rence of this serious complication, mostly in patients with a normal 
coagulatory state, indicates the need for permanent anticoagulation in 
patients with a Bjork-Shiley aortic valve prosthesis. 


Malfunction of a prosthetic heart valve may lead to a series of events 
with serious clinical consequences. Among the more severe problems 
are those resulting from deposition of fibrin on the valve. Peripheral 
arterial emboli may follow and result in a clinical emergency. Throm- 
bosis on the valve may cause an acute emergency state or less severe 
manifestations difficult to diagnose early. Although the acute prob- 
lem demands immediate attention, the less acute clinical syndrome 
may remain unrecognized until serious consequences have resulted. 

The Bjork-Shiley aortic valve prosthesis has been reported to have 
excellent hemodynamic characteristics! and is generally free of pe- 
ripheral embolic or local thrombotic complications.?? This report de- 
scribes seven cases of massive thrombosis on a Bjork-Shiley aortic 
valve prosthesis. The varied clinical, arteriographic and echocardi- 
ographic manifestations of this complication are reported, and the 
therapeutic lessons developed during the care of these patients form 
the basis for recommendations regarding treatment for this life- 
threatening event. 
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TABLE ! 
Summary of Seven Cases 





ere 


Age (yr) 
Case no. & Sex Original Aortic Valve Disease 

1 66F Aortic stenosis 

2 62F Aortic stenosis 

3 62F Aortic insufficiency 

4 61M Aortic insufficiency 

5 62F Aortic stenosis, aortic 
insufficiency 

6 46M Calcific aortic 
insufficiency? 

7 70M Aortic insufficiency 


Time from Duration of Anti- 
Prosthesis coagulation After 
Insertion to Prosthesis 
Thrombosis Insertion 
Other Cardiac Lesions (mo) (mo) 
Mitral stenosis, mitral 18 18 
insufficiency 
10 6 
page 15 14 
50% LAD stenosis, 12 6 
ventricular dysfunction 
3 0 
90% LAD stenosis 13 13* 
19 6 


—— B HB MI IU —— M Det —Á—— a ——————á———— —— ———————————————ÓÓS 


* This patient had a normal prothrombin time. 
LAD = left anterior descending coronary artery. 


Case Material 


Between November 1970 and November 1973, a total of 
121 patients in our institution underwent insertion of a 
Bjork-Shiley aortic valve prosthesis. During this period we 
documented massive thrombosis on seven prostheses of 
this type, six of them inserted at the Mount Sinai Medical 
Center. The patients were three men and four women aged 
46 to 70 vears (mean 61 years) (Table I). Six were admitted 
to the hospital because of acute symptoms; a seventh died 
in another hospial, and the clinical and autopsy data were 
obtained from that institution. All patients underwent an 
admitting examination that included a complete history 
and physical examination, electrocardiogram and chest X- 
ray films. Of six patients scheduled for further diagnostic 
evaluation, one died before additional studies could be per- 





FIGURE 1. Case 1. Severe regurgitation through the Bjork-Shiley 
aortic valve prosthesis with an immobile disc in the open position. 





EN 
x 


FIGURE 2. Case 2. Severe Bjork-Shiley aortic valve prosthesis r 
gurgitation due to open immobile disc during diastole. 


formed. Five patients underwent aortic cineangiography 
performed by the percutaneous femoral arterial technique 
utilizing Renografin®-76 as the contrast agent. Echocardi- 
ography was performed in two patients in the supine posi- 
tion with use of a commercially available ultrasonoscope, a 
2.25 megahertz, 10 cm focus transducer and a strip chart 
recorder. 


Results 


Interval after prosthesis insertion and anti- 
coagulation: Thrombosis on the Bjork-Shiley aortic 
valves occurred 3 to 19 months after insertion (mean 
13 months) (Table I). Five patients were not receiv- 
ing anticoagulant therapy at the time the thrombosis 
was diagnosed. Anticoagulant agents were given to 





"s 
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Clinical, Diagnostic and Therapeutic Data in Patients with Thrombosis on Bjork-Shiley Aortic Valve Prosthesis 


Presenting 


Case 


Physical Findings Catheterization Findings Treatment and C:tcome 


Clinical Course 


Symptoms 


no. 


Thrombectomy and debridement 


Muted closing click, loud aortic 


Cardiac arrest before catheter- 


Wide open prosthetic regurgita- 
of prosthesis. Patient alive 


diastolic & systolic murmurs 


Absent closing click. Aortic 


ization and before surgery 


Pulmonary 
edema 
Pulmonary 


1 


tion with stuck open disc © 
Severe prosthetic regurgitation 


Thrombectomy and debridement 


Anginal pain. Cardiac arrest 


2 


of prosthesis. Patient alive 
Patient died shortly after admis- 


with fixed open disc 


systolic murmur 


before surgery 


edema 
Pulmonary 


Absent closing clicks 


Cardiac arrest and death 


sion to another hospital 


edema 
Anginal 
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Surgery deferred because of 


Limited excursion of disc with 


Absent clicks. Loud aortic 


Congestive failure. Cardiac 


4 


myocardial disease. Patient 


dead 
Thrombectomy and debridement 


of prosthesis. 
Patient alive 


marked reduction in opening. 


systolic and diastolic murmurs 


arrest and death 


pain 


Mild prosthetic regurgitation 


Severe prosthetic regurgitation. 


Cocked disc 


Absent clicks. Aortic systolic 


Congestive failure. Embolism 


Anginal 


5 


and diastolic murmurs 


to leg 


pain 


Patient died during operation | 


Congestive failure. Cardiac 
arrest before surgery 


Anginal 


6 


Absent clicks. Systolic aortic 


and resuscitation effort. 
Thrombectomy and debridement 


murmur 


pain 


Severe aortic regurgitation. 


Absent clicks. Aortic systolic 


Anginal 
A pain 


7 


Imperfect closure of disc of prosthesis. Patient alive 


and diastolic murmurs 


four of these five patients after insertion of the pros- 
thesis but were later discontinued (Table I). One pa- 
tient (Case 5) never received anticoagulant agents be- 
cause of a coagulopathy. Of the two patients who had 
received anticoagulant therapy throughout the entire 
postoperative period, only one had effective anticoag- 
ulation. The other had repeated normal or subopti- 
mal prothrombin times. 

Clinical presentation: All seven patients were in 
functional class III or IV (New York Heart Associa- 
tion classification) preoperatively. All were in im- 
proved condition after replacement of the aortic 
valve with the Bjork-Shiley prosthesis, four returning 
to functional class I status and three to functional 
class II status. 

Acute clinical deterioration occurred in five pa- 
tients, three presenting with acute pulmonary edema 
and two with acute and severe angina. Two other pa- 
tients had subacute deterioration manifested by an 
anginal syndrome for 2 weeks before admission. One 
patient (Case 5) also had symptoms suggestive of em- 
bolism to the right leg (Table II). l 

In all patients, the closing click of the Bjork-Shiley 
valve was not heard. Four patients had loud aortic 
systolic and diastolic ejection murmurs. Three pa- 
tients had only a prominent aortic systolic ejection 
murmur. 

Arteriographic findings: Emergency aortic root 
arteriography was performed in five patients. Severe 
prosthetic valve regurgitation with an immobile disc 
was found in two patients (Fig. 1 and 2) and mild re- 
gurgitation with limited opening motion of the disc in 
a third (Fig. 3A). This patient had normal disc mo- 
tion in an earlier postoperative study (Fig. 3B). Nor- 
mal opening of the disc but imperfect closure, result- 
ing in severe prosthetic valve regurgitation (Fig. 4 
and 5), was found in the other two patients. In three 
patients, buildup of thrombotic material adjacent to 
the valve was demonstrated. Irregular displacement 
of injected contrast material was a prominent find- 
ing. 

Echocardiographie findings: Echocardiography 
was performed in two patients. In both, aortic root 
echoes were dense and thick without clear delinea- 
tion of the anterior and posterior aortic walls. No mo- 
tion of the prosthetic disc could be detected (Fig. 
6A). Echocardiograms obtained in these patients 
after thrombectomy and debridement of the Bjork- 
Shiley valve revealed a normal pattern with clear 
separation of the aortic walls and clear prosthetic 
disc motion (Fig. 6B). 

Clinical course, treatment and prognosis: Five 
patients had arrhythmias leading to cardiac arrest 
(Table II). In three eardiac arrest occurred shortly 
after admission and in a fourth it occurred in the op- 
erating room before surgery. The fifth patient had 
cardiac arrest as a terminal event after prolonged hy- 
potension. Resuscitation was successful in two of 
these five patients, and they are alive after operation. 
Two patients could not be resuscitated and died 
shortly after admission; operation was performed in 
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Du FIGURE 3. Case 4. Aortic root arteriography. A, after thrombosis of the Bjork-Shiley prosthesis. Note the limited opening of the disc at systole 















(efi arrow) compared with that of the previous postoperative study (B). Note also the filling defect above the prosthesis rim (right arrow) indi-: 
“eating thrombus above the valve. B, postoperative film, taken before A, demonstrating normal opening of the disc with a wide jet at the left of 


re ; “the prosthesis and aorta. 





FIGURE 4. Case 5. Severe prosthetic valve regurgitation due to im- 
perfect closure of the Bjork-Shiley disc in diastole. Note the radiolu- 
cent halo above the rim of the prosthesis, indicating the impeded 
closure caused by thrombosis. 


one of these patients while he was receiving constant 
cardiac massage, but he could not be revived. In the 
fifth patient, surgical treatment was deferred because 
of extreme ventricular dysfunction. This patient had 
been weaned from cardiopulmonary bypass with 
great difficulty at the time of valve replacement. Ear- 
lier postoperative catheterization revealed extremely 
poor left ventricular function, permitting medical 
treatment only. He subsequently died during a pro- 
_longed period of intractable hypotension. 

^^'Four patients are ali 











) ve after emergency cardiac 
surgery. In all four patients, the original Bjork-Shiley 
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FIGURE 5. Case 7. Radiolucent halo above the rim of the prosthesis 
(arrows), indicating thrombus interfering with disc closure during 
diastole. 


prosthesis was left in place; thrombectomy and de- 
bridement of the valve were sufficient to restore nor- 
mal prosthetic function. "Is | 


Operative and autopsy findings: In all five pa- 
tients who were operated on, the Bjork-Shiley vaive 
was found to have good endothelialization. The disc 
was normal without any variance. In the two patients 
not operated on, autopsy revealed that the prosthesis 
had good endothelialization, the disc had no variance 
and the valve structures were normal. In all patients 
large thrombi were found alone or in combination on 




















. the hinge mechanism, the disc or the rim of the pros- 








: Aortic root arene aint a doc DEL UR absence o: f disc motion. There is no ir Saparstón of ifie: aortic anterior. vg 





wall (AAW) from. the aortic posterior wall (APW). The dense thick echoes represert the thrombotic substance on the prosthesis. B, taken after. ' 
thrombectomy and debridement of the prosthesis. The disc motion is clearly seen, as are the separated aortic anterior (AAW) and aortic posteri- ae 





or walls (APWE There | isa a peer lumen between both aortic walls after removal of the thrombus. 


thesis (Fig. 7 y de one patient, a fresh embolus was re- 
moved from the right femoral artery. This embolus 
had corrugations that suggested it came from the 
area of the aortic prosthesis. In two autopsies, acute 
myocardial infarction was found, with fresh thrombi 
in the coronary arteries, presumably also embolic in 
origin. One of the patients who died was found to 
have a recent renal infarct, probably also due to em- 
bolism. l 
a Discussion 

-Deposition hb fibritous tissue with formation of 
thrombus on the struts of prosthetic valves is a se- 
vere, occasionally fatal, late postoperative complica- 
tion. It ie not always prevented by anticoagulant 
treatment. ‘Special valve design, as in the cloth-cov- 
ered prostheses, may reduce its occurrence. The 
Bjork-Shiley aortic valve prosthesis has a low gradi- 
ent and central laminar flow! that are designed to 
minimize thromboembolic complications, and fol- 
low-up studies?? have indicated their rarity in pa- 
tients with tl éste There are only e re- 









aon. md es 
thrombus | sthesis 1 is 5 percent. It 
irae of. throm- 
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cipitated clotting. Since two of the three patients 
previously described? and six of our seven patients —. 
were not receiving anticoagulant therapy at the time > 
of thrombosis, we believe that a normal coagulatoky: Du 
state precipitated this complication. E 


Clinical Diagnosis 


‘Thrombosis of the Bjork-Shiley aortic valve oc- 
curred 3 to 19 months (mean 13 months) after inser- 
tion of the prosthesis. ‘The clinical characteristics of © 
thrombosis on Bjork-Shiley aortic valves are (1) 
acute or subacute deterioration in patients whose __ 
condition has improved after aortic valve replace- . 
ment; (2) acute pulmonary edema or acute anginal — — 
pain, or both, as the presenting symptoms; (3) cardi- 
ac arrest, which is very common; and (4) embolic 
phenomena, which may be the clue to this complica- - 
tion. The typical and common auscultatory findings 
in thrombosis of a Bjork-Shiley aortic valve are the: 
absence of the closing click and the appearance of 
prominent systolic and diastolic aortic murmurs. 

Aartic root cinearteriography is the diagnostic exo - 
amination of choice when nn suspicion of thrombosis. = 
on the Bjork-Shiley aortic valve arises. Arteriogra: 

phically, this complication may be diagnosed by dem. 
onstrating one or more of the following findings: (1) a 
fixed, totally immobile disc; (2) a dise with decreased 
opening motion range: (3) imperfect. closure of the 
disc; (4) severe aortic regurgitation t | pre 
thesis; and (5) p rivalvular 



















FIGURE 7. Case 3. Massive thrombosis on the disc of the Bjork-Shi- 
ley prosthesis obliterating the aortic outflow, as found at autopsy. 


. hinge mechanism causes a cocked open disc with se- 
-xere prosthetic valve regurgitation. Thrombosis 
above the disc causes limited opening range, and 
< thrombosis on the rim of the prosthesis causes imper- 
fect closure of the disc. 
"Whenever thrombus formation on an aortic valve 
prosthesis is suspected, aortic root arteriography 
- Should be performed immediately. Because of the 
-` high fatality rate in this complication, critically ill 
"patients with clinical signs of Bjork-Shiley aortic 
... valve thrombosis should undergo surgery even with- 
out preliminary aortic root arteriography. Thrombo- 
gis on a Bjork-Shiley aortic valve should always be 
evaluated and treated urgently, even when the pa- 
-. tient is in relatively good clinical condition. Coronary 
‘embolism and sudden death are imminent in any pa- 
tient with a thrombotic aortic valve, regardless of his 
.. Clinical state. One of our patients was relatively well 
-< on admission and died suddenly 8 hours after admis- 
= sion from an embolic myocardial infarction and car- 
diac arrest. Thus, suspicion of thrombosis on a pros- 
thetic aortic valve is an absolute indication for urgent 
- evaluation and treatment. 
Echocardiography was found valuable in detecting 
- malfunction of Starr-Edwards and Beall valve pros- 
- theses. 10! Echocardiographic evidence of Bjork- Shi- 
^ Jey aortic valve malfunction was obtained in the two 
jatients who had this test. The striking feature was 
he absence of echographic disc motion, while the 
ortic root had dense, thick echoes and the aortic 
s could. not be seen separately. After thrombec- 
‘and debridement of the prosthesis, the normal 
rdiographic pattern of a Bjork-Shiley prosthe- 
seen, with clear separation of the aortic walls. 


















: Shiley aortic valve malfunction. F 





| thrombosis on a — Shiley aortic valve. 


iS. echocardiography might be useful in detecting | 












Treatment 
Surgery is the preferred. moe of treat 


are alive a dE ues int 
postoperatively. - Ub 
Several conclusions can be de 


prosthesis: (1) This complication s ould 
whenever acute or subacute clinical deterioration 
patients with a Bjork-Shiley aortic valve prosthesis. is. 
associated with absence of the closing click or with: 
the appearance of unusually loud systolic. or diastolic. 
aortic murmurs. (2) This complication is highly fatal. 
(3) Thrombectomy and debridement of the Bjork- 
Shiley aortic valve are the preferred modes of treat- 
ment and potentially life-saving procedures. (4) Sus- 


picion of thrombosis of a Bjork-Shiley aortic valve is 


an indication for emergency aortic root arteriography 
and surgery. (5) In critically ill patients, surgery may 
be required without preliminary arteriography if the 
diagnosis is clinically clear. (6) Patients with a Bjork- 
Shiley aortic valve prosthesis should receive perma- 

nent effective anticoagulant treatment. 


Addendum 7 


All four surgically treated patients who are alive 
are doing well and in functional classes Land IL The 
respective follow-up periods are 16, 16, 5 and 5 
months for Patients 1,2, 5and 7 0o 

After submission of the manuscript we encoun- 
tered an additional patient with massive thrombosis 
on a Bjork-Shiley aortic valve. This was a 67 year old 
white woman who had a Bjork-Shiley aortic valve in- 
serted in August 1972. She had never received effec- 
tive anticoagulation therapy because of recurrent ep- 
istaxis. She was in functional class I until April 1974, 
when she suddenly manifested constant cough and 
dyspnea on mild exertion. Examination revealed left 
heart failure, absence of the prosthetic closing click 
and appearance of a systolic thrill with a grade 4/6 
aortic systolic murmur and grade 2/6 diastolic mur- 
mur. The echocardiogram revealed: impaired closing 
of the disc and the aortogram a massive clot on the 
valve with severe pervalvular regi g ation. A huge 
thrombus on the proses was fou da at operation.. 











| Er * tioni is improving. | 





THROMBOSIB ON BJORK-SHILEY AORTIC VALVE PROSTHESIS—BEN ZVI ET AL 


References 


. Bjork VO: A new tilting disc valve prosthesis. Scand J Thorac treatment. Scand J Thorac Cardiovasc Surg 7:17-20, 1973 
Cardiovasc Surg 3:1-10, 196€ 7. Garamella JJ, Lynch M, Schmidt W: Fatal clotting of the Starr- 
. Bjork VO, Holmgren A, Olin C, et al: Clinical and hemodynamic _ Edwards initial ball valve nineteen months postoperatively. J 
results of aortic valve replacement with the Bjork-Shiley tilting _ Thorac Cardiovasc Surg 47:673-680, 1964 
dist valve prosthesis. Scand J Thorac Cardiovasc Surg 5:177- 8. Spencer F, Trinkle K, Reeves T: Successful replacement of a 
191, 1971 thrombosed initial ball valve prosthesis. JAMA 194:1249—1251, 
. Lepley DJ, Reuben CF, Flemma RJ, et al: Experience with 1965 . 
Bjork-Shiley prosthetic valve. Circulation 43: Supp! IIN:II-51—I- - 9. Demany MA, Zimmerman HA: Thrombosis of a mitral disc- 
55, 1973 » valve prosthesis: diagnostic importance of the absent opening 
. Ben-Zvi J, Hildner FJ, Samet P: Calcific aortic. insufficiency | |. click. Am Heart J 80:816—819, 1970. 
(abstr). Am J Cardiol 33:126, 1974 as 10. Pfeiffer J, Goldschlager N, Sweatman T, et al: Malfunction of 
. Cokkinos DV, Voridis E, Bakoulas G, et al: Thrombosis of the DA A mitral ball valve prosthesis due to thrombus: report of 2 cases 
high-flow prosthetic valves. J Thorac Cardiovasc "m 62: 947—— with notes on early clinical diagnosis. n J Cardiol 29:95-99, 
949, 1971 | . Y 1554928 aca 
. Bjork VO, Henze A: Encapsulation of the Bjork- Shiley aortic m | 41. Hildner FJ: Detection of prosthetic viii dysfunction by bedside 
disc valve prosthesis caused by the lack of anticoagulation x T > and besa ci evaluation. Cardiovasc Clin 5:289—306, 1973 


544 October 3, 1974 The American Journal of CARDIOLOGY Volume 34 





EXPERIMENTAL STUDIES 


- - aa 
* 





External Measurement and Mapping of Myocardial Isotope 
After Coronary Venous ®°Krypton and '??Xenon Injections 


J— ANTHONY A. CIBULSKI, MD" 
ANGEL MARKOV, MD 

PATRICK H. LEHAN, MD, FACC 
JAMES F. GALYEAN, Ill, MD 
WILLIAM M. FLOWERS, Jr., MD 
ROBERT O. SMITH, BS 

HARPER K. HELLEMS, MD, FACC 


Jackson, Mississippi 


From the University of Mississippi Medical Cen- 
ter, Departments of Medicine and Radiology, 
2500 N. State St., Jackson, Miss. 39216. This 
study was supported by Grant HE 07628 from 
the National Heart and Lung Institute, National 
Institutes of Health, Bethesda, Md. Manuscript 
accepted February 21, 1974. 

* Present address and address for reprints: 
Anthony A. Cibulski, MD, Cibulski, Fawal and 
Maloof, P.A., 8010 2nd Ave. S., Birmingham, 
Ala. 35206. 


A retrograde coronary venous injection technique for concentrating dif- 
fusible radioisotope in ischemic myocardial regions was evaluated. 
85Krypton in saline solution was injected under pressure into the coro- 
nary veins during partial closure of the coronary sinus. In the presence 
of coronary inflow obstruction, the venous ?*5krypton was distributed 
mainly to the vessels with reduced pressure in ischemic regions. 
85Krypton washout was monitored with a single precordial collimator, 
and reasonably accurate measurements of flow in the ischemic re- 
gions were made. In two dogs, photoscanning techniques, using 
133xenon, were applied to locate and determine the size of the isch- 
emic myocardial regions as radioisotopic hot spots. 


Since the aortocoronary bypass procedure has gained wide accep- 
tance in the surgical treatment of angina pectoris, it has become in- 
creasingly important to describe precisely the site and extent of coro- 
nary arterial lesions and to assess quantitatively the regional myocar- 
dial circulation. Coronary arteriography! has proved to be a relatively 
safe and reliable technique for locating and estimating the severity of 
obstructive coronary lesions. Although the procedure describes well 
the epicardial arterial anatomic features, it yields little information 
about the adequacy of the small peripheral vessels including the in- 
tramyocardial anastomoses. The limitations of coronary arteriogra- 
phy as a technique for estimating the nutrient myocardial flow have 
been discussed previously.?-9 

The recent development of the Anger scintillation camera has 
made possible rapid photoscanning and regional blood flow measure- 
ments in the closed chest subject.?? In general, photoscanning is per- 
formed after a rapid main stem coronary arterial injection of highly 
diffusible radioactive inert gas such as !"?xenon. When the injection 
is made proximal to an arterial constriction, the initial distribution of 
the radioisotope favors the normally perfused myocardial region,’ 
and the isotope-poor ischemic region is seen as a radioisotopic “cold 
spot" if the ischemic mass is sufficiently large. As a consequence of 
the relatively low concentration of detectable isotope in the ischemic 
zone, the performance of the precordial counting techniques?? for 
measuring flow in this region may be reduced, if not inadequate. 

In this study we evaluated a retrograde coronary venous injection 
technique for concentrating radioisotope in an ischemic myocardial 
region. External monitoring techniques were then used to determine 
the location and size of the radioactively “hot” ischemic region and to 
measure blood flow in this region. 
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TABLE ! 
Summary of Procedures 








Group | Group M Group II! ES HAMA ac Pa IER: c aoa 
Procedure (Dogs 1 to 3) (Dogs 4 to 6) (Dogs 7 to 9) Dog 10 Dog 11 
Coronary cannula Mid-ADA Mid-CxA 
Coronary EMF Proximal CxA Proximal-ADA as $ dis d 
Coronary snare Mid-ADA Proximal CxA Mid-ADA 
Aortic EMF ros bx LVSV 
Partial sinus closure Performed Performed Performed 
hemodynamic studies 
MBF measurements 
After retrograde 55Kr Mid-ADA closed; Ks Mid-CxA closed; Ks 
After antegrade coro- Mid-ADA closed; Ka Mid-CxA closed; Kcx 
nary cannula 55Kr 
Regional C(®Kr) 3 min. Mid-ADA closed Mid-CxA closed No 
after retrograde *Kr occlusion 
Photoscanning after Two scans: Two scans: 
retrograde !**Xe (1) CxA open (1) ADA open 
(2) CxA closed (2) ADA closed 





ADA = anterior descending artery; C (Kr) = myocardial tissue concentration of Kr (counts/min per g); CxA = circumflex artery; 
EMF = electromagnetic flow probe; Ka and Kcx = time constants of the logarithmic **Kr clearance curves recorded after antegrade 
injections of **Kr into the anterior descending and circumflex cannulas, respectively; Ks = the time constant of the slow monoexponen- 
tial component derived from the composite logarithmic *Kr clearance curve recorded after a retrograde coronary sinus ®Kr injection; 


LVSV = left ventricular stroke volume; MBF = myocardial blood flow. 


Methods 

Procedures: The data were collected in experiments 
with 11 mongrel dogs ranging in weight from 21 to 34 kg. 
All animals were anesthetized with 30 mg/kg body weight 
of intravenously administered pentobarbital. They were se- 
cured in the right lateral decubitus position, intubated and 
ventilated with a Harvard pump respirator. Right and left 
heart catheterization was performed under fluoroscopic 
control with the following procedures: 

1. A no. 8 double lumen, end-hole catheter, with a 1.0 ml 
capacity balloon mounted just proximal to the end hole, 
was inserted into the left jugular vein and advanced to the 
coronary sinus. The sinus catheter was used to inject saline 
solutions of ®°krypton or !??xenon, measure sinus pressure 
and establish partial outflow obstruction of the sinus. The 
latter was accomplished by inflating the catheter balloon 
until the peak systolic sinus pressure stabilized at approxi- 
mately 30 to 40 mm Hg. At the beginning of each experi- 
ment, a coronary venous injection of 90 percent Hypaque® 
(5 cc over 2 to 3 seconds during partial sinus closure) was 
visualized with fluoroscopy. The catheter tip was reposi- 
tioned if a large circumflex vein was selectively injected 
with Hypaque. The catheter position was periodically 
checked during the course of the experiment. The degree, if 
any, of heterogenity in the venous distribution of Hypaque 
(or saline solutions of radioisotope) owing to jetstreaming 
of the injected solution past acutely branched tributaries of 
the central venous channel was not determined. 

2. A no. 7 Eppendorf catheter was passed through the 
left femoral artery and positioned in the thoracic descend- 
ing aorta, from which point the systemic pressure was re- 
corded. 

3. A no. 7 Eppendorf catheter was advanced from the left 
carotid artery to the left ventricle to record pressure. A left 
thoracotomy was performed at the fourth intercostal space 
and the pericardium incised. 

The animals were grouped according to the following 
procedures (Table I): 


Group I (Dogs 1 to 3): The mid-portion of the anterior 
descending artery was dissected, ligated, cannulated just 
distal to the ligature and perfused from the right femoral 
artery. The proximal circumflex artery was dissected free 
in order to implant a Statham alternating current electro- 
magnetic flow probe. 

Group II (Dogs 4 to 6): The mid-circumflex artery was 
cannulated and perfused from the right femoral artery. A 
Statham flow probe was positioned on the proximal anteri- 
or descending artery. 

Group III (Dogs 7 to 9): A Statham flow probe was im- 
planted on the aortic root to measure the left ventricular 
streke volume. A snare was placed around the mid-anterior 
descending artery to establish temporary arterial occlu- 
sions during the sinus closure hemodynamic studies te be 
described. 

Group IV (Dogs 10 and 11): The proximal circumflex ar- 
tery was dissected in Dog 10, and the mid-anterior de- 
scending artery was dissected in Dog 11. Snares were posi- 
tioned around these vessels to induce temporary 6 minute 
arterial occlusions during the photoscanning studies de- 
scribed later. 

After the major surgical manipulations and before the 
insertion of all catheters, heparin (10 mg/kg) was given in- 
travenously and followed by repetitive doses of 2 mg/kg 
every 30 minutes. The coronary sinus, aortic and left ven- 
tricular catheters were connected to Statham strain gauge 
transducers. The frequency response of the catheter-pres- 
sure transducer recording systems showed resonant 
frequencies of 30 to 40 cycles/sec. The Statham flow probes 
were connected to a Statham flowmeter. A sine wave pump 
was used to obtain an in vitro calibration of the various 
flow probes. Blood flow and pressure were recorded with an 
Electronies for Medicine recorder. The electrocardiogram 
was monitored continuous!y throughout the experiment. 

In Dogs 1 to 9, the following systemic and coronary he- 
modynamic measurements were made 15 seconds before 
and 3 minutes after partial sinus closure was established: 
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FIGURE 1. Dog 1. The composite logarithmic 95krypton clearance curve during closure of the anterior descending artery. The composite curve 
was approximated with superimposed fast and slow monoexponential components. The slow component was drawn as a tangent to the terminal 
_ slow phase of the composite curve. Subtraction of the slow component from the composite curve yielded a fast component with linearity for at 
least 90 percent of its initial intercept value. The fast and slow components are interpreted to reflect mainly 95krypton washout from, respective- 
.]y, the nonischemic and ischemic left ventricular regions. On the basis of this premise, the initial krypton doses delivered to the nonischemic 
and ischemic left ventricular regions were proportioned to the initial intercept values of the fast (I) and slow (ls) components, respectively. The 
weights of the nonischemic and ischemic left ventricular regions in Dog 1 were 78 and 36 g, respectively. The 95krypton concentration in the 
nonischemic left ventricular region at the start of desaturation was estimated to be 1/78 g or 205 counts/min per g. The *95krypton concentration 
in the ischemic left ventricular region at the start of desaturation was estimated to be |,/36 or 389 counts/min per g. 


(1) mean aortic pressure; (2) left ventricular end-diastolic 
pressure recorded at the highest amplfier gain and read 
during end-expiration; (3) coronary arterial inflow by the 
flowmeter method; and (4) heart rate. In Dogs 7 to 9, the 
left ventricular stroke volume was also measured. 

In Dogs 1 to 6, the measurements cited were made while 
(1) the coronary arterial cannula was perfused from the 
femoral artery, and (2) while the coronary cannula was 
clamped for at least 3 minutes before partial sinus closure. 

Myocardial blood flow measurements: In Dogs 1 to 6, 
myocardial blood flow measurements were made with the 
85krypton clearance technique!? after (1) retrograde ve- 
nous, and (2) antegrade arterial injections of ®°krypton. 
55Krypton washout was monitored with a Nuclear-Chicago 
scintillation detector collimator positioned 5 cm over the 
left ventricle. 

1. Retrograde venous injections were made after coro- 
nary arterial cannula occlusions were established for at 


least 3 minutes. *^Krypton in 5.0 ml of saline solution was: 


injected into the sinus catheter over a 1 to 2 second period 
and immediately followed by a 1.5 ml saline flush of the 
catheter. The sinus balloon was deflated 5 seconds after the 
saline flush. The krypton washout was recorded for at 
least 10 minutes after the injection. The logarithmic clear- 
ance curve was approximated with two monoexponential 
components, fast and slow. The details of the graphic anal- 
ysis have been described in a previous report!” and are il- 
lustrated in Figure 1. The time constant of each component 
was determined in the following manner: (A) The half-time 
(T 1/2 expressed in minutes) of the component was deter- 
mined. T 1/2 is the duration of the interval during which 
the clearance curve component decreases to one half of its 
initial clearance phase intercept value. (B) The time con- 
stant was equated to 100 (0.693/T 1/2) ml/min per 100 g. 
. The time constant of the slow component (Ks) was inter- 
preted as the flow per unit mass of tissue in the ischemic 
myocardial region. The slow washout phase also reflects 
the clearance of isotope from fatty tissue within the field of 
collimation; the resulting error in measuring the myocar- 


dial blood flow depends upon the relative dose of isotope 
delivered to the myocardial and slowly cleared nonmyocar- 
dial tissues and the difference in the clearance rates of 
these compartments. | 

2. Antegrade arterial krypton injections: A 1.0 ml 
85krypton saline solution was injected into the coronary ar- 
terial cannula and followed by a 1.0 ml saline flush of the 
cannula. The cannula was clamped, and the *krypton 
washout phase was recorded for 3 minutes.!! The logarith- 
mic clearance curve was approximated as a monoexponen- 
tial decay. The flow per unit mass of the ischemic region 
was equated to the time constant of the clearance curve, 
that is, Ka (anterior descending region) or Kex (circumflex 
region). 

The experiments in Dogs 1 to 6 were terminated as fol- 
lows: The retrograde venous krypton injection was re- 
peated in the manner described earlier. Three minutes 
after the venous injection, india ink was injected into the 
coronary arterial cannula to stain the ischemic myocar- 
dium. Immediately thereafter the heart was removed from 
the thorax and dissected into the ischemic (stained) and 
nonischemic left ventricular, right ventricular and atrial 
tissues. Each area of the heart was weighed and fit snugly 
into separate cylindrical lead containers 5 cm in diameter. 
The base of the tissue container was centered 5 cm below 
the orifice of the Nuclear-Chicago scintillation detector 
collimator. Differences in counter efficiency for the various 
heart regions, due to differences in the tissue-collimator 
spatial relation, were assumed to be negligible. The 5^kryp- 
ton coronary venous injections were also performed in Dogs 
7 to 9 in the absence of coronary inflow obstruction. In 
these preparations the anterior descending and circumflex 
myocardial regions were dissected according to the epicar- 
dial arterial anatomic features. 

Myocardial scintillation photoscans?^? were made in 
Dogs 10 and 11 as follows. Partial sinus closure was estab- 
lished in the normally perfused animal and 2 to 4 mc of 
133yenon in 5.0 ml of saline solution was injected into the 
sinus catheter according to the protocol described for the 
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TABLE Il 


. Acute Effects of Partial Coronary Sinus Occlusion on Systemic and Coronary Hemodynamics in the Presence and Absence 


of Inflow Obstruction (mean + standard deviation) 


Without Inflow Obstruction 


Time After Sinus Occlusion 


With Inflow Obstruction 


Time After Sinus Occlusion 





Control 15 seconds 3 minutes Control 15 seconds 3 minutes 

MAP (mm Hg) 91+ 6 90 + 6 91 + 6 86 + 6 86 + 6 87 + 6 
(Dogs 1 to 9) 

LVEDP (mm Hg) 6.6 4 1.9 6.8 4- 1.9 6.54 1.9 7.lzkE 1.9 7.5 4- 1.9 7.2 4- 1.9 
(Dogs 1 to 9) 

Coronary inflow (ml/min) 36.5 + 4.7 37.12 4.7 36.6 + 4.7 40.2 4- 5.0 : 38.9 4- 4.9 39.8 4- 5.0 
(Dogs 1 to 6). 

LVSV (ml) 13.4 2.7 13.6 + 2.7 13.3 4- 2.7 12.1 + 2.5 11.8+2.5 12.1+ 2.5 
(Dogs 7 to 9) 

Heart rate (beats/min) 109 + 8 109 + 8 110+ 8 111+ 9 109 + 9 108 + 9 
(Dogs 1 to 9) 





LVEDP = left ventricular end-diastolic pressure; LVSV = left ventricular stroke volume; MAP = mean aortic pressure. 


TABLE III 


Comparison Measurements of Flow in Ischemic Myocardial 
Regions After Arterial and Venous Injections of *Krypton 
(mean — standard deviation) 








Ks Ka Kcx 
(ml/min per (ml/min per (ml/min per 
Dog no. 100 g) 100 g) 100 g) 
ADA closed 
1 23 24 
2 15 12 
3 19 19 
CxA closed 
4 16 E 18 
5 21 A 20 
6 25 TA 22 


ADA = anterior descending artery; CxA = circumflex artery; 
Ka and Kcx = time constants of the logarithmic *Kr clearance 
curves describing desaturation of the ischemic anterior de- 
scending and circumflex regions, respectively, after antegrade 
arterial *Kr injections into the vessels of the ischemic region; 
Ks — time constant of the slow monoexponential component 
derived from the composite logarithmic **Kr clearance curve 
recorded after retrograde coronary venous *Kr injection. 


55krypton retrograde injections. Photoscanning was ini- 
tiated immediately after the !“*xenon injection. Integrated 
2 minute scintiphotographs of the myocardial image dis- 
played on an oscilloscope were taken with a Polaroid cam- 
era from 0 to 2 and 2 to 4 minutes after the !"?xenon injec- 
tion. The principles of the Anger scintillation camera used 
in our study have been described previously.!?!? The pho- 
toscanning procedure was repeated 2 minutes after closure 
of the proximal circumflex artery in Dog 10 and the mid- 
anterior descending artery in Dog 11. 


Results 


Hemodynamic measurements: Measurements 
were made to assess the acute effects of partial coro- 


nary sinus occlusion on systemic and coronary hemo- 
dynamic variables in nine dogs. The degree of out- 
flow obstruction was maintained at levels sufficient 
to establish a peak systolic sinus pressure of approxi- 
mately 30 to 40 mm Hg. Hemodynamic measure- 
ments were made in the presence and absence of cor- 
onary inflow obstruction. Inflow obstruction was es- 
tablished with complete mid-point occlusion of either 
the anterior descending or circumflex artery. The re- 
sults (Table II) show that the hemodynamic status of 
both the acutely ischemic and normally perfused 
preparations was not significantly altered for at least 
3 minutes after partial sinus outflow obstruction. 

*55Krypton clearance curves: In Dogs 1 to 6, 
blood flow in an ischemic myocard:al region was mea- 
sured with the 9^krypton clearance technique after 
(1) a retrograde venous P^krypton injection and (2) a 
selective antegrade arterial krypton injection into 
the vessels of the ischemic myocardium. In the latter 
case, the flow in the ischemic region was equated to 
the time constant (Ka in Dogs 1 to 3 with closure of . 
the anterior descending artery and Kcx in Dogs 4 to 6 
with closure of the circumflex artery) of the “mo- 
noexponential” logarithmic krypton clearance 
curve describing desaturation of the ischemic bed. 
After retrograde venous injections, the nonlinear 
composite logarithmic krypton clearance curve de- 
scribing desaturation of both the ischemic and non- 
ischemic regions was approximated with superim- 
posed fast and slow monoexponential components. 
The time constant (Ks) of the slow component was 
interpreted as the flow per unit mass of tissue in the 
ischemic region. An example of the composite clear- 
ance curve analysis is illustrated in Figure 1. The re- . 
sults of flow measurements made after the arterial 
and venous krypton injections compare favorably 
(Table III). | 

The initial clearance intercepts of the fast (Ip) and 
slow (I) components shown in Figure 1 were em- 
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TABLE IV 


Myocardial *Krypton Distribution 3 Minutes After Coronary 
Venous “Krypton Injections in Nine Dogs (mean + 
standard deviation) 


A+ RV 
C(85Kr) 
(counts/min AD C(®Kr) 
per g) (counts/min per g) 


Cx C(55Kr) 
(counts/min per g) 


ADA occluded 


(Dogs 1 to 3) 6 211+ 48 25 4-5 
CxA occluded 

(Dogs 4 to 6) 4 18 + 3 234 + 51 
No occluslon 

(Dogs 7 to 9) 7 21+ 4 26+ 5 


_ AD = anterior descending; ADA = anterior descending artery; 
C(5Kr) = “Kr tissue concentration (counts/min per g); A + 
RV C(®Kr) = total atrial plus right ventricular counts/min 
divided by atrial and right ventricular mass; Cx = circumflex; 
CxA = circumflex artery. 


ployed as an index of the initial dose of radioisotope 
delivered to the nonischemic and ischemic left ven- 
tricular myocardial regions, respectively. The initial 
S5krypton tissue concentrations (counts per minute 
per gram of tissue) in the nonischemic and ischemic 
left ventricular regions were proportioned to Ij/Wni 
and L,/Wi, respectively, where Wni and Wi are the 
weights of the nonischemic and ischemic regions. The 
results of all composite clearance curves are summa- 
rized as follows: (1) When the anterior descending ar- 
tery was occluded, the initial concentration of 
85krypten in the anterior descending myocardial re- 
gion was 1.8 times the initial concentration of 
85krypten in the circumflex myocardial region (P 
« 0.05). (2) When the circumflex artery was occluded, 
the initial concentration of ®krypton in the circum- 
flex myocardium was 2.4 times greater than that of 
the anterior descending myocardium (P «0.05). 

855Krypton tissue concentrations: Direct in vitro 
counting techniques were used to measure the 
85krypton tissue concentrations in the ischemic and 
nonischemic left ventricular, right ventricular and 
atrial regions of hearts removed from the thorax 3 
minutes after retrograde coronary krypton injec- 
tions. The results (Table IV) clearly show that 
85krypton is almost entirely localized in the ischemic 
myocardium 3 minutes after the retrograde injection. 
'The very low level of radioactivity arising from the 
atrial and right ventricular regions is consistent with 
the observation of Gregg and Dewald!* that these 
areas are not accessible to backflow from the coro- 
nary veins. Also, the contribution of recirculating 
85krypton to the various regions of the heart is negli- 
gible since 95 percent of the inert gas washed from 
the myocardium is cleared by the lung, and only 5 
percent of the gas reaching the left ventricle is dis- 
tributed to the heart by way of the coronary circula- 
tion. ^ 

Mvocardial scintiphotoscans: These were made 
after coronary venous !??xenon injections in Dogs 10 





FIGURE 2. Dog 10. Upper portion: integrated 2 minute Polaroid pho- 
tograph (A) and accompanying diagram (B) of a myocardial scintis- 
can displayed on an oscilloscope 0 to 2 minutes after a retrograde 
coronary venous !??xenon injection (4 mc) in the normally perfused 
heart. Lower portion: Integrated 2 minute Polaroid photograph (C) 
and accompanying diagram (D) of a scintiscan made 2 to 4 minutes 
after a retrograde coronary venous '??xenon injection (2 mc) during 
occlusion of the proximal circumflex artery. The radioisotopic hot 
spot is located over the ischemic circumflex myocardial region. 


and 11 while (1) the heart was normally perfused, 
and (2) while closure of a left coronary ramus was es- 
tablished. Figure 2A shows a 0 to 2 minute integrated 
scintiphotoscan of a normally perfused heart after a 
retrograde coronary injection of 4 mc of !??xenon in 
Dog 10 (34 kg). The heart was poorly visualized with 
the 2 to 4 minute photoscan. Photoscanning was re- 
peated in this animal after a retrograde 2 mc 
133xenon injection during proximal circumflex arte- 
rial occlusion. The 2 to 4 minute photoscan, made 
during proximal circumflex closure, is depicted in 
Figure 2C. The scan clearly shows a radioisotopic hot 
spot over the ischemic circumflex myocardial region. 
The oscilloscopic display of the radioisotopic hot spot 
disappeared rapidly after the circumflex snare was 
released. The rapid clearance of radioactivity was 
presumably related to the brisk washout of !"?xenon 
during reactive hyperemia after release of the cir- 
cumflex occlusion. Figure 3A illustrates the 0 to 2 
minute photoscan of a normally perfused heart after 
a retrograde 2 mc !??xenon injection in Dog 11 (31 
kg). The heart was not visualized with the 2 to 4 min- 
ute photoscan. Photoscanning was repeated after a 
retrograde 2 mc !??xenon injection during occlusion 
of the mid-anterior descending artery. The 2 to 4 
minute photoscan is shown in Figure 3C and clearly 
demonstrates a radioisotopic hot spot over the isch- 
emic anterior descending myocardial region. After 
the anterior descending snare was released, the hot 
spot visualized on the oscilloscope cleared rapidly. 
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FIGURE 3. Dog 11. Upper portion: integrated scintiphotoscan (A) 
and accompanying diagram (B) taken O to 2 minutes after a coro- 
nary venous '??xenon injection (2 mc) in the normally perfused 
heart. Lower portion: integrated scintiphotoscan (C) and accompa- 
nying diagram (D) made 2 to 4 minutes after a coronary venous 
133yenon injection (2 mc) during occlusion of the mid-anterior de- 
scending artery. The radioisotopic hot spot is located over the isch- 
emic anterior descending myocardial region. 


Discussion 


In 1938 Gregg and Dewald'^ studied the effects of 
coronary sinus closure upon the coronary circulation 
and demonstrated the possibility of retrograde myo- 
cardial perfusion. Harman et al.!6 applied the princi- 
ples of retrograde coronary perfusion by injecting a 
saline solution of ®°krypton into the coronary veins 
for the purpose of delivering radioisotope to the left 
ventricular tissues. After the injection, the krypton 
washout phase was monitored precordially, and accu- 
rate measurements of myocardial flow were made. In 
this study we have taken a second look at the retro- 
grade coronary route as an approach to concentrating 
95krypton in poorly perfused myocardial regions, 
thereby developing a large radioisotopic concentra- 
tion gradient between the ischemic and nonischemic 
regions of a heterogenously perfused heart. Other 
techniques have been developed to detect ischemic 
regions as radioisotopic hot spots.!7-!? Holman et 
al.,!7 for example, have reported that radioactive tet- 
racycline is concentrated most heavily in freshly in- 
farcted myocardium. Identification of the infarcted 
area as the source of greatest radioactivity was found 
to be technically desirable. 

Possible mechanisms for retrograde coronary 
distribution of krypton into ischemic regions: 
During partial outflow obstruction of the coronary 
sinus, a rapid coronary venous injection of an ®°kryp- 
ton saline solution must necessarily increase the 
pressure in these vessels and cause a transient retro- 


grade flow into the capillaries of the left ventricle. In 
the presence of coronary inflow obstruction, the in- 
jection-induced increases in venous pressure presum- 
ably cause a relatively large backflow into the “low 
pressure" vessels of the ischemic region. Gregg and 
Dewald!^ have shown that during sinus closure the 
coronary venous inflow delivered by a normally per- 
fused myocardial region during systole will force 
blood backward into a poorly perfused region; this 
pattern of perfusion could, by itself, favor the prefer- 
ential distribution of a venous biood-isotope mixture 
to an ischemic heart region. The compliant decom- 
pressed epicardial arterial network beyond a central 
occlusion would appear to be a ready recipient of a 
retrograde flow pulse delivered through the low resis- 
tive vasodilated arterioles of an acutely ischemic 
myocardial region. Impaired contractility and ante- 
grade perfusion of the ischemic myocardium would 
presumably increase the retrograde flow. As the ve- 
nous pressure returns to the preejection leve!s, the 
distended channels of the ischemic bed undergo pas- 
sive decompressicn and thereby return blood to the 
venous circulation. 

Regional differences in tissue concentraticns of 
5^krypton are probably greatest in preparations with 
abrupt and complete closure of a left coronary ramus. 
Under these conditions both vasodilatation and di- 
minished contractility in the ischemic region favor 
the retrograde delivery of krypton to the occluded 
vessel. In preparations with lesser degrees of inflow 
obstruction, regional differences in the krypton tis- 
sue concentration would presumably be less striking. 
In the normally perfused hearts, the myocardial 
85krypton distribution was nearly uniform (Table 
IV). 

The retrograde coronary injection approach is 
more efficient than antegrade arterial infusion meth- 
ods for concentrating radioisotope in the ischemic 
heart regions. For example, after one circulation, an 
intraarterial bolus of diffusible indicator is distribut- 
ed among the various regions of a heterogenously 
perfused heart in proportion to the flow in each re- 
gion; thus, the ischemic regions are poorly weighted 
with indicator.? In acutely ischemic canine hearts, a 
prolonged infusion? (20 minutes) of indicator proxi- 
mal to an arterial occlusion is required to achieve a 
nearly uniform distribution of indicator. 

Safety of procedure: Gregg and Dewald!^ have 
reported that abrupt and complete closure of the cor- 
onary sinus results in a marked venous congestion of 
the left ventricle, an increase in the size of the heart 
during diastole and a significant decrease in the arte- 
rial inflow to the normally perfused regions. In this 
study, the systemic and coronary hemodynamic sta- 
tus in preparations with and without coronary inflow 
obstruction was not significantly altered for 3 min- 
utes after partial closure of the coronary sinus. There 
was no apparent venous congestion of the left ventri- 
cle or increase in heart size during partial sinus clo- 
sure. On the basis of these studies, it would appear 
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that brief periods (15 seconds) of partial sinus closure 
can be performed with a reasonable degree of safety 
at least in the dog. 

. According to Gregg and Dewald,!4 the retrograde 
perfusion of the right ventricle and atria from the 
coronary veins, under high pressure, is negligible. 
The relative failure to label the right ventricle and 
atria with krypton is not a major problem in the 
clinical application of the retrograde injection tech- 
nique since infarction of these areas rarely occurs in 
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man. Also, the lack of radioactive interference arising - 
from these tissues may allow better definition of the 
left ventricular radioisotope. 

Clinical implications: The retrograde coronary 
venous injection technique offers an approach for the - 
preferential radioisotopic labeling of poorly perfused, 
but viable, left ventricular regions. T'he application of 
this technique in conjunction with rapid photoscan- 
ning methods” may provide a promising approach 
for assessing regional myocardial blood flow in man. 
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Intraaortic balloon counterpulsation was carried out in 10 anesthetized 
normotensive dogs after ligation of the left anterior descending coro- 
nary artery. The distribution of myocardial blood flow was determined 
in these animais by the radioactive microsphere technique. Counter- 
pulsation resulted in a significant decrease in mean arterial pressure of 
29 mm Hg (P <0.001) and an increase of 20 mm Hg in peak and 10 
mm Hg in mean aortic diastolic pressure (P <0.005). There was no di- 
rect relation between the hemodynamic effects of counterpulsation 
and improvement in the distribution of myocardial blood flow to the in- 
farcted area of myocardium. Analysis of data from individual experi- 
ments suggests that improvement in myocardial blood flow to the in- 
farcted region is dependent upon the presence of preexisting collateral 
vessels, since animals with the highest rates of flow to the infarcted 
region after ligation of the left anterior descending coronary artery had 
the greatest increase in myocardial blood flow after intraaortic balloon 
counterpulsation. Despite the failure of any overall improvement in 
myocardial blood flow to the infarcted area after counterpulsation, 
there was a small but significant relative increase in endocardial flow 
to the normal and border zones of myocardium surrounding the infarct- 
ed region. 


Although intraaortic balloon counterpulsation has been shown to 
produce hemodynamic improvement in both experimental animals 
and patients with cardiogenic shock, the reportec effects on myocar- 
dial blood flow are variable.!-9 It has recently been suggested that in- 
traaortic balloon counterpulsation may also be beneficial in normo- 
tensive patients with acute myocardial infarction." Pathologic studies 
have demonstrated viable muscle cells in an area of infarction for at 
least 3 hours after an episode of acute ischemia. Intraaortic balloon 
counterpulsation may increase blood flow to the critical areas and 
thereby prevent extension of the ischemic area. This report examines 
the hemodynamic and regional myocardial blood flow changes pro- 
duced by intraaortic balloon counterpulsation in normotensive dogs 
with acute myocardial infarction. 


Methods 


The intraaortic balloon device used in this study consists of a single-cham- 
bered polyurethane balloon mounted on a rigid catheter connected to a pump 
and triggering device (5MEC Model 1300). Helium, under pressure, is used 
for rapid inflation of the balloon with volumes of 15 to 40 ml, depending on 
the size of the aorta and balloon. This system uses deflation as the active 
cycle so that the balloon is collapsed and cannot obstruct blood flow if it fails 
to synchronize properly with the cardiac cycle. 
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Procedures: Ten mongrel dogs weighing 25 to 45 kg 
were anesthetized with sodium pentobarbital (25 mg/kg 
- body weight), and the chest was opened through the fifth 
left intercostal space. A catheter was placed in the left atri- 
um for injection of radioactive microspheres. Arterial pres- 
sure was measured by a Statham P 23 Db transducer con- 
nected to a catheter placed in the aorta through the left ca- 
rotid artery. Left ventricular pressures were recorded with 
a Millar “Mikrotip” catheter-tip manometer (Model PC- 
350) introduced directly through the apex of the left ventri- 
cle. Cardiac output was measured by the thermodilution 
technique?? using a Swan-Ganz thermodilution catheter 
(Edwards Laboratories, model 93-113-7F) and 5 ml of in- 
. jectate at room temperature introduced into the right atri- 
um. The accuracy of this system had been previously com- 
pared with direct Fick measurements in a group of patients 

. undergoing cardiac catheterization.!? The average of two 
 thermodilution cardiac output determinations has a stan- 
. dard error of +4 percent of the cardiac output as deter- 
mined by the Fick method. Further comparisons were 
. made in this laboratory comparing the average of two ther- 
- modilution cardiac output determinations with two indocy- 
anine green dye curves simultaneously performed in a 
_ group of 10 patients after acute myocardial infarction. The 


- linear regression did not differ significantly from the line of 


- identity, and the correlation coefficient was 0.93. The elec- 
— trocardiogram was recorded continuously from subdermal 
needle electrodes. The pressures, thermodilution curves 
and electrocardiogram were recorded on an Electronics for 
Medicine eight channel recording device. 

Regional myocardial blood flow measurements: Re- 
gional myocardial blood flow was measured with carbon- 
ized microspheres labeled with ®°Sr, !!! Ce, and 169Yb (3 M 
brand Tracer Microspheres U41-6212, 15 u diameter) sus- 
pended in 10 percent dextran at a concentration of 0.2 
mc/ml. Each suspension was sonicated in an ultrasonic 


bath for 20 minutes before use. Each injection consisted of 


0.1 to 0.2 ml of one nuclide and was rapidly flushed into the 
left atrium with 5 ml of normal saline solution. The total 
dose of each nuclide was recorded, and subsequent counts 
were expressed as a fraction of this total dose. Previous 
studies! !:!? have shown that spheres of this size are distrib- 
uted throughout the body in relation to blood flow, and 98 
percent or more are trapped in small arterioles in a single 
passage. The absolute flow per 100/g of left ventricular 


myocardium was calculated assuming that the total dose of 


nuclide injected was distributed uniformly in the cardiac 
output at that time and thus distributed to the various or- 
gans according to their flow. A concentration of radioactivi- 
ty per milliliter of blood, and therefore the radioactivity in 


a sample of myocardium, could be related to the amount of 


blood flow to the sample. 

In each dog the left anterior descending coronary artery 
was dissected and tied just distal to its first diagonal 
branch. Any ventricular irritability was controlled with an 
intravenous bolus injection of lidocaine, 2 percent, and 1 
hour was allowed to elapse. It has been shown previously in 
this laboratory that these preparations are stable during 
this hour and for the succeeding 2 hours. Only animals that 
were normotensive at the end of this hour (10 of 13) were 
used for the further analysis. One hour after ligation of the 
left anterior descending coronary artery the first labeled 
nuclide was given to measure regional myocardial blood 
flow. The intraaortic balloon was then inserted through the 
femoral artery and advanced to the arch of the aorta so 
that its tip was just distal to the left innominate artery. In- 
traaortic balloon counterpulsation was then started and 
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the ligature around the left anterior descendina (LAD) coronary ar- 
tery (above) and the division of the ventricle on the basis of gross 
appearance into the area of ischemia or infarction, the border zone 
and the normal area (below). 


after 30 minutes of effective counterpulsation the second 
dose of labeled microspheres was given. This procedure was 
followed by 5 minutes of further pumping. The intraaortic 
balloon counterpulsation was then stopped and the last 
group of hemodynamic measurements and the third injec- 
tion of microspheres were made 30 minutes later. ^ 

Myocardial samples: After the experiment, the left 
ventricular free wall was dissected and divided on the basis 
of gross appearance of the myocardium into three areas: an 
area of gross ischemia and infarction immediately distal to 
the ligation (referred to hereafter as infarcted zone), a 1 cm 
border zone around the ischemic area, and a normal non- 
ischemic sample from the left circumflex coronary artery 
distribution (Fig. 1). The samples from each area were then 
divided into approximately equal-sized pieces of 10 g each. 
Each sample was then subdivided into endocardial and epi- 
cardial halves. 'The specific nuclide activity was counted in 
a well counter using differential spectrometry. All of the 
samples were approximately the same size to reduce varia- 
tion in internal absorption of gamma rays. The samples 
from each of the three areas were then summed and ex- 
pressed as counts per minute per gram of tissue. The in- 
farcted zones ranged from 12 to 27 g in total mass; this 
variation in size was not related to the hemodynamic 
changes during intraaortic balloon counterpulsation and 
the nuclide counts were not significantly different in the 
samples that were subdivided into two or more pieces. 

Data analysis: The protocol and timing were identical 
in all experiments. Although continuous records were taken 
of the pressures and electrocardiogram, the hemodynamic 
data reported are the average over 1 minute at times corre- 
sponding to the injections of the labeled microspheres. 
Mean diastolic pressure was determined by planimetric 
measurement of the area under the aortic pressure tracing 
from the dicrotic notch to the onset of the next upstroke. 
'The assessment of significance of changes on the averaged 
data was made using the paired t test. 


| Results 
Hemodynamics: One hour after ligation of the left 


anterior descending coronary artery the heart rate of 


the 10 animals averaged 155 + 8.6 (standard error) 
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TABLE I 
Hemodynamic Effects of Intraaortic Balloon 
Counterpulsation (IABC) 
Control IABC Recovery 
Heart rate 155.1-- 8.6 151.2-- 8.1 156.3 9.7 
(beats/min) 


Systolic arterial 137.2+ 3.6 108,0+ 3.71- 125.9 3- 3.9 
pressure (mm Hg) 

Diastolic pressure 
(mm Hg) 

Mean diastolic 
pressure (mm Hg) 

Left ventricular end- 
diastolic pressure 
(mm Hg) 

Cardiac output 
(liters /min) 


103.5 3:3 | 123.24 3.11 96.54 4.0 
108.7+ 3.0 118.4 + 2.81 105.0 4 3.5 
1.6 + 0.7 


3.0 xt 1.1 1/8 E A 


2.3324- 0.11 226+ 0.12 2:364 0.11 





Each value represents the mean + standard error during 
control (1 hour after ligation), at the end of 30 minutes of intra- 
aortic balloon counterpulsation and 30 minutes after the coun- 
terpulsation was stopped. The significance of differences be- 
tween means was assessed by a paired t test. 

* P< 0.025. 

t P< 0.005. 

ł P< 0.001. 


TABLE II 


Effects of Intraaortic Balloon Counterpulsation (IABC) on 
Coronary Blood Flow and Its Transmural Distribution 





Control IABC Recovery 





Coronary Blood Flow (ml/min per 100 g) 





Normal 1557 10.0. 152,52: 8.1 143.2 + 11.3 
Border T4351.32-10,3, 136.3 9.1 125.9 + 9.1 
Infarcted 67.8+ 8.1 86.5 + 13.1 68.5 + 9.9 





Flow Distribution: Ratio of Endocardial/Epicardial Flow 





Normal 1.02 + 0.05 1.11 + 0.061 1.06 + 0.08 
Border 0.92 + 0.06 1.06 + 0.06* 0.95 + 0.09 
Infarcted 0.84 + 0.1 0.84 + 0.06 0.74+ 0.08 





Each value represents the mean + standard error. The sig- 
nificance of differences was assessed by a paired t test. 

* P 0,05. 

T P« 0.05. 


beats/min. 'The changes during and after intraaortic 
balloon counterpulsation were small and variable. 
The means of 151 + 8.1 and 156 + 9.7 were not signif- 
icantly different from the control values or one an- 
other (Table I). 

Aortic systolic pressure 1 hour after ligation of the 
left anterior descending coronary artery was 137.2 + 
3.6 mm Hg (Fig. 2); this value decreased during coun- 
terpulsation to 108.0 + 3.7 (P <0.001) and increased 
to 125.9 + 3.9 after cessation of counterpulsation. 
Peak aortic diastolic pressure increased from 103.5 + 
3.5 to 123.2 + 3.1 mm Hg during intraaortic balloon 


counterpulsation (P «0.005), and then fell to 96.5 + 
4.0 mm Hg after counterpulsation, a value not signifi- 
cantly different from the control value. Mean aortic 
diastolic pressure increased from 108.7 + 3.0 to 118.4 
+ 2.8 mm Hg (P «0.005) and returned to 105.0 + 3.5 
mm Hg after the intraaortic balloon counterpulsation 
was stopped; this value was not significantly different 
from the control value. One hour after ligation, left 
ventricular end-diastolic pressure in these animals 
was normal (Table I). The reduction in left ventricu- 
lar end-diastolic pressure during counterpulsation 
was small but significant (P <0.025). One hour after 
ligation, cardiac output averaged 2.33 + 0.11 liters/ 
min and the changes during and after intraaortic bal- 
loon counterpulsation were small and not significant 
(Table I). 

Regional coronary blood flow: The blood flow 
values to the three areas of the left ventricle are sum- 
marized in Table II. The differences in flow between 
the normal area and the border zone during the con-. 
trol period after ligation but before intraaortic bal- 
loon counterpulsation were not significant, and nei- 
ther area showed a change during counterpulsation. 
Flow into the infarcted area averaged 67.8 + 8.05 
ml/min per 100 g. a value significantly less than that 
of flow to the normal area or the border zone (P 
<0.001) (Fig. 3). The increase in flow to the infarcted 
area to 86.5 + 13.1 ml/min per 100 g was not signifi- 
cant (P = 0.1), but there was a considerable variation 
in the flow inereases to the infarcted area among in- 
dividual animals. If the change in blood flow to the 
infarcted area during intraaortic balloon counterpul- 
sation is related to the amount of blood flow in the 
infarcted area after ligation, then a highly significant 
correlation is obtained (Fig. 4) (r = 0.9). The 
greater the flow to the infarcted zone after ligation, 
the greater the increase in flow during intraaortic 
balloon counterpulsation. 

Distribution of blood flow between endocar- 
dium and epicardium: The changes in regional dis- 
tribution of myocardial blood flow are outlined in 
Table II. The ratio of the endocardial to epicardial 
blood flow in the normal area during the control peri- 
od after infarction but before intraaortic balloon 
counterpulsation was 1.02 + 0.05. Intraaortic balloon 
counterpulsation led to a small but significant (P 
<0.05) increase in the relative perfusion of the endo- 
cardium in the normal zone to 1.11 + 0.06. In the bor- 
der zone around the infarcted area, the endocardial 
to epicardial ratio of 0.92 + 0.06 was not significantly 
less than in the normal area. Intraaortic balloon 
counterpulsation led to a small but significant (P 
<0.05) increase in the relative perfusion of the endo- 
cardium in the border zone to 1.06 + 0.06. The endo- 
cardial to epicardial ratio in the infarcted area was 
low, 0.84 + 0.1, indicating relative endocardial hypo- 
perfusion in addition to the absolute decrease in flow 
after ligation. There were no significant changes in 
the distribution of flow between the endocardium 
and epicardium in the infarcted area during intraaor- 
tic balloon counterpulsation. 
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FIGURE 2. Hemodynamic changes during and after intraaortic bal- 
loon counterpulsation (IABC). Shown are the systolic ( S) and diastolic 
(D) aortic pressures during each intervention, the mean diastolic 
pressure as determined planimetrically from the aortic pressure 
tracing and the left ventricular end-diastolic pressure (L.V.E.D.). 
Each bar represents +1 standard error of the mean. Note: The pres- 
sure scales for aortic pressure and mean diastolic pressure do not 
start at 0 in the diagram. 


Discussion 


Although effective diastolic augmentation and a 
reduction in left ventricular systolic pressure were 
achieved in all of the animals in our study, the 
changes in coronary blood flow during counterpulsa- 
tion varied greatly from one animal to another. There 
was no direct relation between the efficacy of diastol- 
ic augmentation as measured by the hemodynamic 
changes and the resultant change in coronary blood 
flow. The lack of any significant overall change in 
myocardial blood flow in these normotensive animals 
is in keeping with previous data.?!? A more detailed 
analysis of the data from the individual animals in 
this study does suggest a possible benefit of intraaor- 
tic balloon counterpulsation and the mechanism 
whereby myocardial blood flow may be increased. In 
some animals (Fig. 4), flow values were only 10 to 20 
percent of resting values after ligation and in these 
dogs there was no further change during intraaortic 
balloon counterpulsation. In others, flow values were 
70 percent of resting flow values after ligation, thus 
suggesting the presence of collateral vessels; in these 
animals there was a 20 to 40 percent increase in myo- 
cardial blood flow during counterpulsation. 

Significance and mechanisms of increased en- 
docardial perfusion in normal and border zones: 
The transmural distribution of myocardial blood flow 
in the nonischemic left circumflex coronary artery 
area in our study is similar to that previously de- 
scribed.!? There is a progressive decrease in endocar- 
dial flaw from the normal to the border zone and a 
further decrease in the area of gross ischemia and in- 
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FIGURE 3. Effects of intraaortic balloon counterpulsation (IABC) on 
regional myocardial blood flow (ml/min per 100 g) in the normal 
area, the border zone and the center of the infarct. Each bar repre- 
sents + 1 standard error of the mean. 
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FIGURE 4. Plot of the percent change in blood flow in the infarcted 
area during intraaortic balloon counterpulsation (IABC) as a function 
of the flow in the infarcted area before counterpulsation but after li- - 
gation. The line is the calculated regression line with +1 standard 
error enclosed by the cross hatching (r = 0.91). 


farction. In this study, intraaortic balloon counter- 
pulsation increased endocardial perfusion in both the 
normal and the border zones even though the 
changes in total flow were minimal. Several mecha- 
nisms are probably involved in these changes. First, 
the driving pressure for coronary flow is mainly de- 
termined by aortic diastolic pressure, which was in- 
creased by intraaortic balloon counterpulsation. Sec- 
ond, left ventricular end-diastolic pressure was re- 
duced by intraaortic balloon counterpulsation. These 
two changes alter the perfusion pressure gradient for 
coronary flow between the endocardium and epicar- 
dium. !4 These results are in agreement with results of 
epicardial S-T segment mapping during experimen- 
tal infarction! which show a favorable change during 
counterpulsation and suggest that intraaortic balloon 
counterpulsation may improve the distribution of 
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flow to the critical areas surrounding an infarct. Al- 
though changes in total flow during intraaortic bal- 
loon counterpulsation within our study were variable, 
and may have depended in part upon the presence of 


collateral vessels, there was a significant increase in 


` endocardial perfusion to the border zone unrelated to 
the presence of collateral vessels. These changes in 
the distribution of myocardial blood flow are small, 
but when coupled with a reduction in myocardial 

oxygen demands—as suggested by the reduction in 


aor 


systemic arterial pressure, left ventricular end-dia- 
stolic pressure and, hence wall tension—could favor- 
ably alter the relation between myocardial oxygen 
supply and demand in an area of acute ischemia and 
thus preserve borderline areas of myocardium. 
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An advanced 
Wn 24-hour ECG 
EX. for your patient 






Ihe Dyna' Gram System 





SPECIFICATIONS: RECORDER 

Recording Time Up to 24 hours 
Recording Tracks One for ECG and one for internal clock timing 
Tape Speed 2.13 mm/sec. 





Tape & Cassette Standard cassette with Ye” tape 
Size 2x4x6% inches 
Weight 2 |bs. with power pack and cassette 
Power Source 4.5 volt rechargeable silver-zinc power pack 
Power Pack Capacity 1400 milliampere hours, nominal 
Input Impedance Over 100 Megohms, each input 
Common Mode Rejection 60 db minimum 
Frequency Response 0.05 to 100 Hz ( —3db) 
Input Gain Selector switch for input signals to 

8 mv peak-to-peak with distortion 
Internal Calibrator  - 1 mv x 0.10 sec. pulse, 60 pulses per minute 
Digital Clock 100 PPM accuracy, liquid crystal display 


of hour & minutes, push-button set 
Temperature Range 0-509C 
SPECIFICATIONS: POWER PACK 
Type Rechargeable silver-zinc battery 
Voltage 5.45-5.65 VDC open circuit, fully charged 
Capacity 1400 milliampere hours, nominal 
Size 3.27 Hx 1.37?^W x15" D 
Weight 8 Oz. 
Temperature Range 0-509C 
SPECIFICATIONS: CHARGER/TESTER 
Type For Model 5030 Power Packs 
Charging Stations Four, independently operated 
Test Station Automatically tests internal impedance and state of charge 
Input Power 95 to 125 VAC, 60Hz 
Dimensions 9%" Wx6%"Hx4"D 
Weight 4 Ibs. 
Temperature Range 0-509C 











Cardio-Dynamics Laboratories Inc. 
9454 Wilshire Boulevard 4 
Beverly Hills, California 90212 





CARDIOLOGY: 


Update 74 


New Books Introduced /Popular Books Revised 













David Mendel 


a practice of C ARDI AC 
CATHETERISATION 


The continuing demand for this book has prompted this new edition with 
considerable revisions that take into account the changes and develop- 
ments which have occurred during the last 5 years. 


Y 









Today, increased scope and sophistication of catheterization procedures 
require manual dexterity and thorough knowledge of principles. With the 
proper preparation, modern instrumentation and training will almost always 
produce a correct, detailed diagnosis. Dr. Mendel's superb presentation 
offers these practical details backed by theory, and contains invaluable 
check lists of procedures and instruments. Contents include: Indications 
for catheterization; contra-indications, general anesthesia, electrical safety 
during catheterization, common factors in all catheterization, right heart 
catheterization, arterial puncture; arteriotomy, atrial septal puncture, left 
ventricular puncture, coronary arteriography, catheterization of infants, 
miniature catheter techniques, complications and resuscitation, measure- 
ment of pressure, indicator dilution curves, blood sampling and its uses, 
angiocardiography. 
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“a 2nd Edition 


Arbeit, Rubin & Gross 


414 pages, illustrated. $19.50 


James H. Moller Ira W. Weiss 


DIFFERENTIAL DIAGNOSIS 
of the ELECTROCARDIOGRAM 


This book is designed as a reference manual 
to enable the clinician who is not an expert 
to establish a diagnosis from an unknown 
electrocardiogram. Expansion of knowledge 
in this field has necessitated our printing 
this 2nd edition in 2 volumes. 


ESSENTIALS OF 
PEDIATRIC CARDIOLOGY 


This new text provides guidelines to correct 
diagnosis of the pediatric cardiac patient. 
The simple and orderly presentation of ma- 
lerial will also help the practitioner or the 
student to properly assess the severity and 
hemodynamics of the anomaly. 


108 pp/39 illustrations. $5.00 (Paper) 








ESSENTIALS OF 
HEART RHYTHM ANALYSIS 


Considering the remarkable advances in the 
treatment of heart rhythm disturbances, this 
manual fills a gap by presenting the electro- 
physiology of cardiac rhythm and impulse 
conduction and an orderly approach to the 
analysis of cardiac rhythm. 


280 pp/504 illustrations. $7.25 (Paper) 


Vol. |. 205 pp/499 figs. About $15.00 
Vol. Il. in preparation. 
F F. A. Davis Company —1915 Arch Street —Philadelphia, Pennsylvania 19103 AJC À 
i Send me the books checked. If I do not return them in 10 days, i 
i I will pay for them within 30 days. 
6131. [| | Mendel. A Practice of Cardiac 0240. [| Arbeit. Differential Diagnosis of ; 
i Catheterisation—$19.50 the Electrocardiogram—$15.00 f 
i 6290. [| Moller. Essentials of Pediatric 9215. [| ] Weiss. Essentials of Heart Rhythm k 
! Cardiology—$5.00 Analysis—$7.25 i 
! I 
| Name i 
i 
F. A. DAVIS COMPANY / | apprEss | 
PUBLISHERS l i 
1915 Arch Street | cy STATE ZIP i 
Philadelphia, Pa. 19103 L 
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24th Annual Scientific Session 


of the 
American College of Cardiology 
February 10-13, 1975 HOUSTON 
é é 9 5 > 3 3 
Excellence in Cardiovascular Practice— 1975 

* Opening Plenary Session Speaker * Core Curriculum 

—Richard S. Ross, M.D., F.A.C.C. * Sixth Annual Louis F. Bishop Lecture 
e Special Symposia * Master Teacher Seminars 
e Controversies in Cardiology e Young Investigators Competition 
* Over 200 Research-In-Progress e Clinics and Demonstrations at Houston's 

Reports Read by Authors Medical! Centers and Hospitals 
* Self Assessment Classroom e Some 400 Technical and Scientific 
e 30 Luncheon Panels Exhibits 
e 30 Fireside Panels e Premier Showing of Motion Picture Films 


e Read and Remember Seminar 
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 Processall gives you 
two keys to accurate diagnosis 
in Cine Fluorog aphy | 








int cine luarea Pey. you Want fast results — but not at the price of fuzzy film detail. The. 
Processall gives you fine grain yield, superior resolution for a sharp image and all the detail you 
need for an accurate diagnosis. With automatic processing and speeds up to 8 feet per minute, 
you get results fast. 

Daylight-operated and self- threading, Processall was conned for maximum icra and 
gus 3 ponia apt cus special able is chen z get pro- | 
essiondl results ompact, port e Processa its most | 
anywhere. Tasini Viewer* 

À simple drive system and 316L stainless steel con- - 
struction ensure complete reliability, long life, and minimum 
maintenance. Processall is designed for flawless high quality . 
results. It includes a turbulent agitation processing tech- 
nique, thermostatic control of solution temperature and an 
air impingement squeegee that removes moisture before the 
film or paper enters the turbulent heated air drying chamber. 

— A positive drive, with a demand drive guarantees positive - 
"tracking. Electrocardiograph paper may also be processed. $ ES D 
-No wonder major medical centers and hospitals are 1 DON ‘Inspect film 
now using Processall. For more information contact us, or g ME gap = 7 it exits the 
your nearest Oscar Fisher dealer. | 3 ; ET 


now available for existing 
or new machines 





OSCAR FISHER co, ING. 
Box 2305, Newburgh, N.Y, 12550 
Tel. (914) 562-3900 
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... IN PRACTICE 


ECGs, PCGs 
and STIs 
with one 
easy-to-use 

instrument. 


It's the new HP 1514C ECG/ Phono/Pulse 
System. A new three-channel cardiograph that 
automatically records, marks and calibrates a 
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A E | 
+ complete 12-lead cardiogram in 10 seconds 
Ideal for successive cardiograms before, during 
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"e 4 =} and after exercise 
Seton pe . . 
You get complete, non-invasive systolic time 
interval studies on-the-spot. For example, the 


m | bait | ih. 
|j, instrument can simultaneously record a heart 
| sound on channel one, an ECG on channel two 


and a carotid pulse on channel three. The new 


sit Wb 
E iens. qe 
cud SEI paper drive provides 100 mm/sec as well as the 
7 standard chart speeds. And a new heart sound 
amplifier detects even subtle heart murmurs. 
In addition, this easy-to-use instrument in- 
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zm SEE 4 corporates many important features such as 
BE EC selective heart sound filtering which helps ycu 
discriminate murmurs and other high frequency 
. a dif- 






heart sounds that might otherwise be masked 
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F by the low frequency components . 
ferentiator for the pulse waveforms . . . plus 
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EEEE . 
Hi transducers specifically designed for carotid 


PER ES 
ANC] jugular and apex recordings 


dub Hospital-rugged yet office-practical, the new 


HEX | i 
E E HP 1514C ECG/Phono/Pulse System com- 
j TET bines convenience with valuable diagnostic help 
— |! for the hospital heart station, outpatient clinic, 
screening center, cardiologist’s office, or any 
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E Hit EE ECG installation. Complete and ready to run 
with a full assortment of transducers and acces- 
sories. Send for our brochure No. 3658. 





| PACKARD 






HEWLETT (hp. 


Sales and service from 172 offices in 65 countries 
Waltham. Massachusetts 02154 
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17305 






write it 
- precision quality control... 
e assured tablet content uniformity’ 


predictable patient response... 
eproven biologic availability" 


Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 

ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 

has developed. 

Precautions: If the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 

the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 

Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 

agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
‘Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 

and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 

. a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
is an indication for its use. 
Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 

If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 596 dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCI — 74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 596 dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
.1 to 2 grams (children) provided renal failure is not present. 

NOXIN® digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 
0.5 mg. (green) scored, in bottles of 100 and 1,000. 


a 
Lanoxin di i 
| X d IQ OXI n Dk Burroughs Wellcome Co. 
| Research Triangle Park 


*Complete literature available on request from Professional Services Dept. PML. - Wellcome / North Carolina 27709 
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On Reliability and a Pound of Flesh 


The life's blood of an electrocardiograph is the Charts, as provided by the instrument maker, 
chart that flows through it. afford this assurance to a maxima ... because 
they are designed as an integral part 


Assurance that the recording is totally reliable of the instrument. 


depends, in part, on the quality of the chart 

itself. Charts, as provided by others, are imitations at 
best. They may save a few pennies, but not 
without risk of shedding a “drop of reliability". 


This message was prepared in the interest of better instrument performance by ... 


N A cs Fe uU A The Instrument Manufacturer's Chartmaker 


CORPORATION 





100 East Ki St, N k, N. J. 07105 
GUBELMAN CHART DIVISION 3037 ait Marla BE. ann i Calif. 90220 





To all physicians 
involved with 

the management 
of hypertensive 
emergencies: 


a new product message 
of significance from Roche 


———À 


Now... 


NIPRIDE (sodium nitroprussid 
Immediate, predictable contr 


When immediate steps must be taken to lower ex- 
cessive blood pressure, Nipride (sodium nitro- 
prusside) is a potent antihypertensive agent that 
acts by direct peripheral vasodilatation, accom- 
panied by reduction of total calculated peripheral 
vascular resistance. 


WORKS IMMEDIATELY. Nipride's antihyperten- 
sive effect may be seen within seconds after the 
beginning of intravenous infusion. 


SHORT-ACTING. On cessation of Nipride admin- 
istration, blood pressure will begin to rise within 
seconds to reach pretreatment levels in one to 
ten minutes. Thus, with careful monitoring and 
titration of Nipride dosage, the physician may re- 
duce the patient's blood pressure as rapidly as he 
deems advisable, stabilize it at the desired level, 
sustain that level for hours — a few days if neces- 
sary —or until slower-acting medications become 
effective. Administration of oral antihypertensive 
medication should be started early in the course 
of treatment and Nipride dosage reduced accord- 
ingly as blood pressure begins stabilizing at de- 
sired levels. With frequent monitoring, hypotensive 
episodes may be avoided since Nipride permits 
minute-to-minute control of the patient's blood 
pressure. 

Side Effects — reported side effects, such as 
nausea, retching, diaphoresis, etc., are probably 
related to excessively rapid lowering of blood pres- 
sure. Contraindications — compensatory hyper- 
tension, e.g., arteriovenous shunt or coarctation 
of the aorta. Compatibilities — oral antihyperten- 
sive medications may be administered simultane- 
ously with frequent monitoring to observe their 
additive effects. Response — consistent hypoten- 
sive effect regardless of patients' resistance to 
other antihypertensive medications. Reports of 
tachyphylaxis have been rare. 


(mat; 
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DOSAGE MUST BE INDIVIDUALIZED. Patient 
response varies widely over a range of 0.5 mcg/ 
kg/min to 8.0 mcg/kg/min. It is evident, there- 
fore, that infusion rates should be started at a 
minimal level, patient response observed for a few 
minutes, then dosage increased by a measured 



















Time (minutes) Nipride 
0 40 80 120 160 200 240 280 320 Flow 

— —— ——À —— Rate 
100 
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400 
mcg/ 
min 





SBP - Systolic Blood Pressure 
MAP - Mean Arterial Blood Pressure * 
DBP - Diastolic Blood Pressure 


—— DBP 








“map = Í tolic BP X 2) : diastolic BP X 3 


| furosemide (IM) 





-60 -200 40 80 t20 160 200 
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240 280 320 340 


Case A — A 44-year-old obese male patient, with a pri- 
mary diagnosis of essential hypertension, was admitted to 
a hospital with impending hypertensive encephalopathy. 
An infusion of Nipride (sodium nitroprusside) was started 
at approximately 25 mcg/min and then slowly increased 
to a dosage of 80 mcg/min during the first 40 minutes 
of administration. Dosage increase to 200 mcg/min a! 
50 minutes and 100 minutes resulted in sharp drops ir 
blood pressure. As soon as the infusion was reduced tc 
80 mcg/min, there was an immediate rise in pressure 
to approximate levels previously observed with the same 
dosage. During Nipride administration, a single 40 mg IM 
dose of furosemide was given at approximately 100 min- 
utes. The patient was subsequently maintained on ora 
medication (furosemide 40 mg, q.i.d., and triamterene 
100 mg, q.i.d.). 


or IV infusion. 


n hypertensive crises. 


increment and the process continued until blood 
pressure has reached a desired level. As exam- 
ples of the procedure, Case A responded slowly, 
requiring increasing dosage increments; Case B 
responded rapidly, calling for a brief discontinu- 
ation of the infusion. 


Time (minutes) 


12 Nipride 


Flow 
Rate 


100 

200 

7 300 

SBP - Systolic Blood Pressure 7 400 


MAP - Mean Arterial Blood Pressure * | mcg/ 
DBP - Diastolic Blood Pressure (m 


methyldopate 
HCI (IV) 


| *MAP = (systolic BP X 2) E (diastolic BPX3 
| 5 


furosemide (IV) 


60-40-20 O 20 40 60 80 100 120 140 160 180 200 220 240 
Time (minutes) 


Case B — A 43-year-old male patient, with a primary diag- 
nosis of essential hypertension and secondary diagnoses 
of impending left ventricular failure, headache and renal 
failure, was admitted to a hospital in hypertensive crisis. 
Nipride (sodium nitroprusside) infusion was started at 100 
mcg/min, which produced a relatively small decrease in 
pressure. Infusion rate was then doubled, resulting in a 
sharp drop in blood pressure. Infusion was stopped for ten 
minutes until blood pressure rose, then resumed at the 
100 mcg/min rate, which maintained pressure at a satis- 
factory level. Preliminary to discontinuation of Nipride, 
methyldopate HC! (500 mg IV) and furosemide (80 mg IV) 
were administered in single intravenous doses at 50 and 
TO minutes respectively. The patient was subsequently 
maintained on oral medication (methyldopa 500 mg, q.i.d., 
and furosemide 40 mg, q.i.d.). 





NIPRIDE MIXING PROCEDURE 


FOR INTRAVENOUS INFUSION USE ONLY. 
DO NOT ADMINISTER BY DIRECT INJECTION. 


Nipride must be prepared immediately before administration. 
Once prepared, solutions containing Nipride should not be 
kept or used longer than four hours. No other medication 
should be added to the solution. 


1 


1. Withdraw 2 to 3 ml of sterile dextrose in water only. Any 
commercially available sterile dextrose in water in ampul form 
may be used. 2. Aseptically add the dextrose in water to the 
50-mg Nipride vial. 3. Gently agitate to completely dissolve 


powder. 4. Add all of the reconstituted solution to 500 or 1000 — 


ml of sterile 5 percent dextrose in water depending on desired 
concentration. 5. Promptly wrap Nipride solution in aluminum 
foil or other opaque material to protect from light. 6. Admin- 
ister prepared solution by infusion pump, micro-drip regulator 
or any similar device that will allow precise measurement of 
flow rate. 





50-mg vial 


EMERGENCY BLOOD PRESSURE CONTROL 


- Please see following page for complete product information. 


NIPRIDE 


(sodium nitroprusside) 


A63 


IN HYPERTENSIVE CRISES 


EMERGENCY BLOOD PRESSURE CONTROL 


NIPRIDE 


(sodium nitroprusside) 


Nipride is only to be used as an 
infusion with sterile 5% dextrose 


in water. Not for direct injection. 





DESCRIPTION: Nipride (sodium nitroprus- 
side) in injectable form contains the equiva- 
lent of 50 mg of sodium nitroprusside 
dihydrate (sodium nitrosylpentacyanoferrate 
[lll]) in a 5-ml amber-colored, rubber-stop- 
pered vial. Chemically, sodium nitroprusside 
is Na;Fe(/CN)sNO*2H5O. Nipride is a reddish- 
brown powder which is soluble in water. In 
aqueous solution, it is photosensitive and 
should be protected from light. 


ACTIONS: Nipride is a potent, rapid acting, 
intravencus antihypertensive agent. This ac- 
tion is probably due to the nitroso (NO) group. 
Its effect is almost immediate and ends when 
the IV infusion is stopped. The brief duration 
of the drug's action is due to its rapid con- 
version to thiocyanate, The hypotensive effect 
is augmented by ganglionic blocking agents. 

The hypotensive effects of Nipride are 
caused by peripheral vasodilatation as a result 
of a direct action on the blood vessels, inde- 
pendent of autonomic innervation. No relaxa- 
tion is seen in the smooth muscle of the 
uterus or duodenum in situ in animals. 


INDICATIONS: Nipride is indicated for the 
immediate reduction of blood pressure of pa- 
tients in hypertensive crises. Concomitant 
oral antihypertensive medication should be 
started while the hypertensive emergency is 
being brought under control! with Nipride. 
There is no contraindication in using Nipride 
simultaneously with oral antihypertensive 
medications. 


CONTRAINDICATIONS: Nipride should not 
be used in the treatment of compensatory hy- 
pertension, e.g., arteriovenous shunt or co- 
arctation of the aorta. 


WARNINGS: Nipride is only to be used as 
an infusion with sterile 5% dextrose in 
water. Not for direct injection. 


Since an end product of Nipride metabo- 
lism, thiocyanate, inhibits both the uptake and 
binding of iodine, caution should be exercised 
in using Nipride in patients with hypothyroid- 
ism or severe renal impairment. 

Blood levels of thiocyanate should be de- 
termined if treatment is to be extended in 
patients with severe renal dysfunction. Al- 
though intravenous infusions of Nipride are 
not intended for long-term use, as long as 
blood thiocyanate levels are measured daily 
and do not exceed 10 mg/100 ml, it is prob- 
ably safe to continue with the infusion until 
the patient can be safely treated with oral 
antihypertensive medications. 

Hypertensive patients are more sensitive to 
the intravenous effect of sodium nitroprusside 
than are normotensive subjects. Patients who 
are receiving concomitant antihypertensive 
medications are more sensitive to the hypo- 
tensive effect of sodium nitroprusside and the 
dosage of Nipride should be adjusted ac- 
cordingly. 

Usage in Pregnancy: The safety of Nipride 
in women who are or who may become preg- 
nant has not been established; hence, it 
should be given only when the potential bene- 
fits have been weighed against possible haz- 
ard to mother and child, 

Usage in Children: The safety of Nipride in 
children has not been established. Clinical 


For a copy of the comprehensive Nipride Monograph, please 
write to Professional Services Department, Roche Laboratories, 
Division of Hoffmann-La Roche Inc., Nutley, New Jersey 07110. 
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experience is limited. Further studies are in 
progress to determine its proper dosage and 
administration. 


PRECAUTIONS: Adequate facilities, equip- 
ment and personnel should be available for 
frequent and vigilant monitoring of blood 
pressure, since the hypotensive effect of 
Nipride (sodium nitroprusside) occurs rapidly. 
When the infusion is slowed er stopped, blood 
pressure usually begins tc rise immediately 
and returns to pretreatment levels within one 
to ten minutes. It should be used with caution 
and initially in low doses in elderly patients, 
since they may be more sersitive to the hypo- 
tensive effects of the drug. 

Because of the rapid onset of action and 
potency of Nipride, it should preferably be 
administered with the use of an infusion 
pump, micro-drip regulator, or any similar 
device that would allow precise measurement 
of the flow rate. 

Once dissolved in solution, Nipride tends 
to deteriorate in the presence of light. There- 
fore, it should be protected from light by 
wrapping the container of the prepared solu- 
tion with aluminum foil or other opaque ma- 
terials. Solutions of Nipride should not be 
kept or used longer than fcur hours. 

Nipride in aqueous solution yields the ni- 
troprusside ion which reacts with even min- 
ute quantities of a wide variety of inorganic 
and organic substances to ferm usually highly 
colored reaction products (blue, green or dark 
red). If this occurs the infusion should be 
replaced. 


ADVERSE REACTIONS: Nausea, retching, 
diaphoresis, apprehension, headache, rest- 
lessness, muscle twitching, retrosternal dis- 
comfort, palpitations, dizziness and abdominal 
pain have been noted with too repid reduction 
in blood pressure, but these symptoms rap- 
idly disappeared with slowing of the rate of 
the infusion or temporary discontinuation of 
infusion and did not reappear with continued 
slower rate of administration. 

One case of hypothyroidism following pro- 
longed therapy with intravenous sodium ni- 
troprusside has been reported. A patient with 
severe hypertension with uremia received 
3900 mg of sodium nitroprusside intrave- 
nously over a period of 21 days. This is one 
of the longest reported intravenous uses of 
this agent. There was no tachyphylaxis, but 
the patient developed evidence of hypothy- 
roidism, together with retention of thiocyanate 
(9.5 mg/100 ml). With peritoneal dialysis the 
thiocyanate level diminished and the signs 
of hypothyroidism subsided. 


DOSAGE AND ADMINISTRATION: The con- 
tents of a 50-mg Nipride vial should be dis- 
solved in 2 to 3 ml of dextrose in water. No 
other diluent should be used. Depending on 
the desired concentration, all of the prepared 
stock solution should be diluted in 500 to 
1000 ml of 5 percent dextrose in water and 
promptly wrapped in aluminum foil or other 
opaque materials to protect from light. Both 
the stock solution and the infusion sclution 
should be freshly prepared and any unused 
portion discarded. The freshly prepared solu- 
tion for infusion has a very faint brownish tint. 
If it is highly colored, it shoulc be discarded 
(see PRECAUTIONS). Once prepared, the so- 
lution should not be kept er used longer than 
four hours. The infusion fluid used for the 
administration of Nipride should not be em- 
ployed as a vehicle for simultaneous adminis- 
tration of any other drug. 


In patients who are not receiving antihy- 
pertensive drugs, the average dose of Nipride 
is 3 ug/kg/minute (range of 0.5 to 8 ug/ 
kg/minute). Usually, an average of 200 ug/ 
minute (range of 20 tc 400 ug/minute) is 
sufficient to maintain the blood pressure at 30 
to 40 percent lower than the pretreatment dia- 
stolic blood pressure levels. In hypertensive 
patients receiving concomitant antihyperten- 
sive mecications, smaller doses are requirad. 
In order to avoid excessive levels of thiocy- 
anate and lessen the pcssibility of a precipi- 
tous drop in blood pressure, the maximum 
recommended dose is 800 ug/minute. 


1 Vial (50 mg) Nipride (sodium nitroprusside) 
in 500 ml 5% DW (100 ug/ml 


Dose /kg ug/kg/min ml/kg/min 
Average 3 0.03 
Ranges 0.5 to 8 0.005 to 0.08 
Dose for a 
70 kg patient ug/70 kg/min ml/70 kg/min 
Average 200 2.0 
Range 35 to 560 0.35 to 5.5 


The imtravenous infusion of Nipride should 
be administered by an infusion pump, micro- 
drip regulator or any similar device that will 
allow precise measurement of the flow rate. 
Care should be taken to avoid extravasation. 
The rate of administration should be adjusted 
to maintain the desired antihypertensive ef- 
fect, as determined by frequent blood pres- 
sure determinations. Nioride infusion may be 
continued until the patient can safely be 
— with oral antihypertensive medications 
alone. 


HOW SUPPLIED: Nipride injectable is sup- 
plied in 5-ml amber-cclored vials containing 
the equivalent of 50 mc sodium nitroprusside 
dihydrate for reconstitution with dextrose in 
water (available singly end in packages of 10). 


HUMAN PHARMACOLOGY: Sodium nitro- 
prusside administered intravenously to hyper- 
tensive and normotensive patients produced 
a marked lowering of the arterial blood pres- 
sure, slight increase in heart rate, a mild de- 
crease in cardiac output and a moderate 
diminution in calculated total peripheral vas- 
cular resistance. 

The decrease in calculated total peripheral 
vascular resistance suggests arteriolar vaso- 
dilatation. The decreases in cardiac and 
stroke index noted mav be due to the periph- 
eral vascular pooling of blood. 

In hypertensive patients, moderate depres- 
sor doses induce renal vasodilatation roughly 
equivalent to the decrease in pressure with- 
Out an appreciable increase in renal blood 
flow or a decrease in glomerular filtration. 

in normotensive subjects, acute reduction 
of mean arterial pressure to 60 to 75 mm Hg 
by infusion of sodium nitroprusside caused 
significant increase in renin activity of renal 
venous plasma in correlation with a degree of 
reduction in pressure. Renal response to re- 
duction in pressure was more striking in reno- 
vascular hypertensive patients, with signifi- 
cant increase in renin release occurring from 
the involved kidney at mean arterial pressures 
ranging from 90 to 137 mm Hg. Furthermore, 
the magnitude of renin release from the in- 
volved kidney was significantly greater when 
compéred with that in normotensive subjects, 
while in the contralateral, uninvolved kidney, 
no significant release of renin was detacted 
during the reduction of pressure. 
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Roche Laboratories í 
Division of Hoffmann-La Roche Inc 
Nutley, New Jersey 07110 







A nurse can't watch the monitor every 
minute of the day. But with Concept 80, it isn't 
necessary. Unlike other cardiac monitoring 
systems it offers arrythmia recognition at 
every bed. And its the only one that does it 
for less than $3000 a bed. 


This early warning system is triggered by an" 


cardiac irregularity exceeding a preset limit. 
Plus Concept 80 is the only system that lets 
a nurse move around. Any change of a heart 
beat sets off an alarm at her station. A red light 
flashes, a chime sounds. The nurse automat- 
ically receives an immediate EKG reading. So 
in seconds, the nature of the problem can 
be determined. 
This lifesaving system is co nposed of five 


If his heart skips a beat, 
Concept 80 lets you know instantly : 
for less than $3000. | 


e 





uw 
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bedside units and a console which can be 
expanded to monitor up to 20 patients simul- 
taneously. Concept 80's modular construction 
is easily connected to your existing equipment. 

The system is available with either isolated 
preamplifier at bedside, or FCC approved 
telemetry for ambulatory patients. With this 
flexibility, you're able to offer more patients 
the kind of surveillance formerly reserved for 
intensive care and cardiac wards. 

Concept 80. Now theres a cardiac moni- 
toring system you can afford. 

For more information, call Rex McLaughlin 
(714) 988-2557, or write Lockheed Concept 80, 
P.O. Box 33, Ontario, Ca. 91761. Lockheed 
offers immediate delivery. 


! Lockheed Concept 80 
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THAN A COMPLETE CARDIAC DIAGNOSTIC SYSTEM? 


Why indeed! Medcrafts CDC 70 System is a real 
workhorse. Use it. 

e for stress testing 

e asan ambulatory patient monitor 

e for routine office ECG's. 

Doesn't it make a lot of good sense to have one 
sophisticated, yet rugged instrument for all your 
cardiac testing needs. A Cardiac Diagnostic System 
that is versatile enough to be kept in use all day? 
The all solid-state CDC 70, Cardiac Diagnostic 
System, is easy to use, compact, and smartly styled. 
It offers a memory scope display and tracing print- 
out for ECG . . . digital heart rate display . . . low- 


Send to: 


[] Send my copy of your CDC 70 brochure 


O Send the brochure, but I want to see the CDC 70 in action. Call 


NAME 
ADDRESS 
CITY 


cost ambulatory patient monitoring recorders with 
cassette tape recording (up to 16 hours per cassette) 
. . Switchable 5-lead resting or stress test ECG ... 
and a host of other wanted features and optional 
capabilities. 
To learn more, call, write, or use the coupon below 
to receive our latest brochure describing the CDC 
70 System. You'll be surprised at the sophisticated, 
years-ahead design and the iow cost of owning 
THE CDC SERIES 70 [Uy nf. WARI 


SYSTEM by [O!UUULI o AJ 








for a demonstration appointment. 
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In observing its 25th Anniversary Y ear, the American College of 


Cardiology takes pleasure in announcing the availability of : . . 


ACCEL” SUPPLEMENT NUMBER TWENTY-FOUR 
entitled 


AN ORAL HISTORY OF TWENTY-FIVE YEARS 
OF AMERICAN CARDIOLOGY 
1949-1974 


This supplement, An Oral History of American Cardiology, is a rare jewel and will become a collector’s item. Bound in 
a handsome vinyl album, the supplement contains five 60-minute audio cassette tapes. In their own voices, the great con- 
tributors to cardiac resuscitation, cardiac surgery, pacemakers, prosthetic devices, arrhythmias, medical therapy, preven- 
tive medicine, diagnosis and teaching describe their life and times. This living memoir, with voices, photographs, cur- 
riculum vitae, and bibliographies, celebrates the creative work in American Cardiology in the third quarter of this cen- 
tury—and honors the Twenty-fifth Anniversary of the American College of Cardiology. 





One way of expressing the delight and merit of this Oral History is to remind ourselves of the pleasure we would have 
if we could hear the voices of Laénnec, Harvey, Corrigan, Heberden, Withering, describing their work. 


Here on this Oral History are the voices of Adams, Bailey, Bing, Bishop, Burch, Cooley, Corday, DeBakey, Dexter, 
Doherty, Dustan, Edwards, Effler, Engle, Freis, Gofman, Griffith, Harrison, Hurst, Keys, Kouwenhoven, Kolff, LaDue, 
Likoff, Lillehei, Lown, Page, Ravin, Russek, Sodeman, Sokolow, Stamler, Taussig, Terry, Wood, Wright and Zoll. 


This supplement will make an outstanding gift for medical students and house officers and, equally, will give the listener 
who has experienced these productive years between 1949 and 1974, pleasure and knowledge. 


EUST, dux fnt E Lx unas ye SOAS TF 
Produced by: E. Grey Dimond, M.D. 


Editor-in-Chief, ACCEL™ 
Kansas City, Mo. 


9650 Rockville Pike, Bethesda, Md. 20014 


Please send me the ACCEL™ Supplement No. 24, AN ORAL HISTORY OF TWENTY-FIVE YEARS OF AMERICAN 
CARDIOLOGY. [| I enclose $20.00 (U. S. Funds). (Make cLeck payable to: The American College of Cardiology. ) 
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Inorganic disorders 

. complicated by psychic tension, oral 

d Valium can be a beneficial adjunct 

D during hospitalization, psychic tension and anxiety 
mayo overstimulate the cardiac patient, interfere witt 

cribe ibed bed t rest and unduly burden the organical 

art Ai in a dosage regimen individ- - 

(usu ally 2m to 10 mg b.i.d. to q.i.d.), 
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. Five to ten minutes prior to eli 
. 5 to 15 mg injected I. V. (not mot : 
minute) can effectively calm le p 
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mix or dilute with other drugs, solutions or fluids. Exert care to avoi 
intra-arterial administration or extravasation. 


Prior to cardiovascular surgery, — — 
Injectable Valium (diazepam) adjunctively 
can help relieve excessive anxiety 

. Even though the patient has been carefully 

- counseled and reassured, strange surroundings and 
disturbing procedures may produce acute anxiety. 
In such instances 10 mg of Injectable Valium I. 
administered preoperatively can calm the patient and markedly | 
diminish : recall. Injectable Valium seldom significantly alters vital 
signs, but resuscitative facilities should be readily available because 
there have been occasional reports of apnea and/or cardiac arrest, 

part n the elderly or very ill patient. 














Valium (diazepam) 2-mg, 5-mg, 10-mg tablets 


ready-to-use 2-ml Tel-E-Ject (disposable syringes) 


Before prescribing, please consult complete product infor- 
mation, a summary of which follows: 

Indications: Tension and anxiety states; somatic complaints 
which are concomitants of emotional factors; psychoneurotic 
states manifested by tension, anxiety, apprehension, fatigue, de- 
pressive symptoms or agitation; symptomatic relief of acute agi- 
tation, tremor, impending or acute delirium tremens and halluci- 
nosis due to acute alcohol withdrawal; adjunctively in: relief of 
skeletal muscle spasm due to reflex spasm to local pathology; 
spasticity caused by upper motor neuron disorders; athetosis; 
stiff-man syndrome. Oral form may be used adjunctively in con- 
vulsive disorders, but not as sole therapy. Injectable form may 
also be used adjunctively in: status epilepticus; severe recurrent 
seizures; tetanus; anxiety, tension or acute stress reactions prior 
to endoscopic and surgical procedures; cardioversion. 

Contraindications: Use of Injectable in infants and Tablets 
in children under 6 months of age; known hypersensitivity to drug; 
acute narrow angle glaucoma; may be used in patients with open 
angle glaucoma who are receiving appropriate therapy. 

Warnings: As with most CNS-acting drugs, caution patients 
against hazardous occupations requiring complete menta! alert- 
ness (e.g., operating machinery, driving). Advise patients against 
simultaneous ingestion of alcohol and other CNS depressants. 
Withdrawa! symptoms (similar to those with barbiturates and al- 
cohol) have occurred following abrupt discontinuance (convul- 
sions, tremor, abdominal and muscle cramps, vomiting and 
sweating). Keep addiction-prone individuals (drug addicts or 
alcoholics) under careful surveillance because of their predispo- 
sition to habituation and dependence. Use of any drug in preg- 
nancy, nursing women or in women of childbearing potential re- 
quires that expected benefit be weighed against possible hazard. 

orat: Not of value in treatment of psychotic patients; should 
not be employed in lieu of appropriate treatment. When using oral 
form adjunctively in convulsive disorders, possibility of increase 
in frequency and/or severity of grand mal seizures may require 
increase in dosage of standard anticonvulsant medication; abrupt 
withdrawal in such cases may also be associated with temporary 
increase in frequency and/or severity of seizures. 

INJECTABLE: When used l.V., the following procedures should 
be undertaken to reduce the possibility of venous thrombosis, 
phlebitis, local irritation, swelling, and, rarely, vascular impair- 
ment. Inject slowly, taking at least one minute for each 5 mg 
(1 ml) given; do not use small veins, i.e., dorsum of hand or wrist; 
extreme care should be taken to avoid intra-arterial administra- 
tion or extravasation. Do not mix or dilute with other solutions or 
drugs; do not add to I.V. fluids. 

Administer with extreme care to elderly or very ill and those 
with limited pulmonary reserve because of possibility of apnea 
and/or cardiac arrest; resuscitative facilities should be available. 
When used with narcotic analgesic, eliminate or reduce narcotic 
dosage at least 4% and administer in small increments. Not rec- 
ommended for OB use until additional information is available. 
Should not be administered to patients in shock, coma or in acute 
alcoholic intoxication with depression of vital signs. 

Precautions: If combined with other psychotropics or anti- 
convulsants, carefully consider individual pharmacologic effects 
—particularly with known compounds which may potentiate ac- 
tion of Valium (diazepam), such as phenothiazines, narcotics, 
barbiturates, MAO inhibitors and other antidepressants. Protec- 
tive measures indicated in highly anxious patients with accom- 
panying depression who may have suicidal tendencies. Observe 
usual precautions in impaired hepatic function; avoid accumula- 
tion in patients with compromised kidney function. Limit oral dos- 
age to smallest effective amount in elderly and debilitated to pre- 
clude ataxia or oversedation (initially 2 to 21⁄2 mg once or twice 
daily, increasing gradually as needed or tolerated). 

INJECTABLE: Laryngospasm and increased cough reflex are 
possible during peroral endoscopic procedures; use topical anes- 
thetic and have necessary countermeasures available; hypoten- 
sion or muscular weakness possible, particularly when used with 
narcotics, barbiturates or alcohol. Use lower doses (2 to 5 mg) 
for elderly and debilitated; safety and efficacy in children under 
12 not established. 

Adverse Reactions: Side effects most commonly reported 
were drowsiness, fatigue and ataxia. Infrequently encountered 
were confusion, constipation, depression, diplopia, dysarthria, 


2-ml ampuls 
10-ml vials 


headache, hypotension, incontinence, jaundice, changes in libido, 
nausea, changes in salivation, skin rash, slurred speech, tremor, 
urinary retention, vertigo and blurred vision. Paradoxical reac- 
tions such as acute hyperexcited states, anxiety, hallucinations, 
increased muscle spasticity, insomnia, rage, sleep disturbances 
and stimulation have been reported; should these occur, use of 
the drug should be discontinued. 

Because of isolated reports of neutropenia and jaundice, 
periodic blood counts and liver function tests are advisable dur- 
ing long-term therapy. Minor changes in EEG patterns, usually 
low-voltage fast activity, have been observed in patients during 
and after Valium (diazepam) therapy and are of no known 
significance. 

INJECTABLE: Venous thrombosis and phlebitis at injection 
site, hypoactivity, syncope, bradycardia, cardiovascular collapse, 
nystagmus, urticaria, hiccups, neutropenia. 

In peroral endoscopic procedures, coughing, depressed res- 
piration, dyspnea, hyperventilation, laryngospasm and pain in 
throat or chest have been reported. 

Dosage: Individualized for maximum beneficial effect. 

oRAL—Adults: Tension, anxiety and psychoneurotic states, 
2 to 10 mg b.i.d. to q.i.d.; acute alcohol withdrawal, 10 mg t.i.d. 
or q.i.d. in first 24 hours, then 5 mg t.i.d. or q.i.d. as needed; 
adjunctively in skeleta! muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; 
adjunctively in convulsive disorders, 2 to 10 mg b.i.d. to q.i.d. 
Geriatric or debilitated patients: 2 to 2V; mg 1 or 2 times daily 
initially, increasing as needed and tolerated. (See Precautions.) . 
Children: 1 to 2⁄2 mg t.i.d. or q.i.d. initially, increasing as needed 
and tclerated (not for use under 6 months). 

INJECTABLE: Usual initial adult dose is 2 to 20 mg I.M. or I.V., 
depending on indication and severity. Larger doses may be re- 
quired in some conditions (tetanus). In acute conditions injection 
may be repeated within 1 hour, although interval of 3 to 4 hours 
is usually satisfactory. Lower doses (usually 2 to 5 mg) with slow 
dosage increase for elderly or debilitated patients and when seda- 
tive drugs are added. (See Warnings and Adverse Reactions.) 

I.M. use: by deep injection into the muscle. 

I.V. use: inject slowly, take at least one minute for each 5 mg 
(1 ml) given. Do not use small veins, i.e., dorsum of hand or wrist. 
Use extreme care to avoid intra-arterial administration or extrava- 
sation. Do not mix or dilute with other solutions or drugs; do not 
add to I.V. fluids. 

Moderate psychoneurotic reactions, 2 to 5 mg I.M. or I.V. 
and severe psychoneurotic reactions, 5 to 10 mg I.M. or I.V., 
repeat in 3 to 4 hours if necessary; acute alcoholic withdrawal, 
10 mg I.M. or LV. initially, then 5 to 10 mg in 3 to 4 hours if nec- 
essary; muscle spasm, 5 to 10 mg I.M. or I.V. initially, then 5 to 
10 mg in 3 to 4 hours if necessary (tetanus may require larger 
doses); status epilepticus, severe recurrent convulsive seizures, 
5 to 10 mg I.M. or I.V. initially, repeat in 2 to 4 hours if necessary. 
In endoscopic procedures, titrate |.V. dosage to desired sedative 
response, generally 10 mg or less but up to 20 mg (if narcotics 
are omitted) immediately prior to procedure; if I.V. cannot be 
used, 5 to 10 mg I.M. approximately 30 minutes prior to proce- 
dure. As preoperative medication, 10 mg |.M.; in cardioversion, 
5 to 15 mg I.V., within 5 to 10 minutes prior to procedure. Once 
acute symptomatology has been properly controlled with inject- 
able form, patient may be placed on oral form if further treat- 
ment is required. 

Management of Overdosage: Manifestations include somno- 
lence, confusion, coma and diminished reflexes. Monitor respira- 
tion, pulse, blood pressure; employ general supportive measures, 
I.V. fluids, adequate airway. Immediate gastric lavage indicated 
for overdosage with tablets. Use levarterenol or metaraminol for | 
hypotension, caffeine and sodium benzcate for CNS-depressive 
effects. Dialysis is of limited value. 

Supplied: Tablets, 2 mg, 5 mg and 10 mg; bottles of 100 and 
500. All strengths also available in Tel-E-Dose® (unit dose) pack- 
ages of 100. Ampuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of 1; 
Tel-E-Ject® (disposable syringes), 2 ml, boxes of 10. Each ml 
contains 5 mg diazepem, compounded with 4096 propylene gly- 
cal, 10% ethyl alcohol, 5% sodium benzoate apa benzoic acid as 
buffers, and 1.5% benzyl alcoho! as preservative. 


5 mg/ml 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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For those stabilized 
cardiac edema patients 
who can be controlled 
on a lower dosage 





For greater dosage flexibility 


New Lasix’ (furosemide) 
20 mg Tablets offer more 
cis adjudtment of 
maintênance therapy. 
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The usual dose of Lasix Tablets is 20 to 80mg, 
administeredas a single dose. Depending on the 
patients response, a second.dose can be 
administered ó to 8 hours latêr. In most degrees of 
cardiac edemaradry weight can be maintained 
safely and reliably by adjusting the dose to fit your 
patients needs. Gent monitoring of your 
patient is recommended. With doses exceeding 
80 mg/day and given for prolonged periods, 
careful clinical and laboratory observations are 
particularly advisable. 
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METHODS 


Method for Assessing Stress-Induced Regional Malperfusion 
During Coronary Arteriography 


Experimental Validation and Clinical Applicatio 
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Resting myocardial regional perfusion may be normal in spite of severe 
coronary stenosis. Accordingly, regional perfusion was evaluated dur- 
ing coronary hyperemia in order to quantify maldistribution occurring at 
high flow rates but not at rest. In eight open chest dogs quantitative re- 
gional distribution of left coronary flow was determined by electromag- 
netic flowmeters on the anterior descending and circumflex coronary 
arteries and simultaneously by double radionuclide studies. Coronary 
flow was varied from basal to maximum by intracoronary injection of 
Hypaque-M, 75 percent, previously shown to be a potent, repeatable 
stimulus for maximal hyperemia. Malperfusion due to coronary steno- 
ses quantified with the gamma camera correlated closely with results 
obtained by electromagnetic flowmeters (r — 0.96). In the presence of 
balanced lesions on the circumflex and anterior descending arteries, 
hyperemic responses were equally reduced in these branches, and re- 
gional perfusion by gamma camera and electromagnetic flowmeters 
was normal. To demonstrate the applicability of this approach in man, 
patients were studied by intracoronary injection of ''*"indium-macro- 
aggregated albumin in the resting state and ?9"technetium-macro- 
aggregated albumin during the hyperemia following intracoronary in- 
jection of contrast medium. Scintiphotographs from patients whose an- 
giograms revealed moderate coronary lesions demonstrated normal 
regional distribution at rest but maldistribution during hyperemia. The 
results in patients also demonstrated that collateral vessels failed to 
maintain normal distribution during hyperemia despite normal regional 
perfusion at rest. 


Myocardial perfusion imaging after selective coronary injection of ra- 
dioactive particles has been used to determine regional distribution 
of coronary blood flow in animals and man.!-5 Abnormalities in re- 
gional perfusion detected during the resting or basal state correlated 
with localized myocardial scar or fibrosis due to myocardial infarc- 
tion?" and were not usually present in patients with angina pectoris 
without antecedent myocardial infarction. Zaret et al. demonstrated 
that patients with coronary disease and normal resting myocardial 
distribution of *?potassium may manifest abnormal regional distribu- 
tion during exercise-induced stress. 

We have investigated in animals the changes in regional distribu- 
tion of coronary flow that occur during resting and hyperemic states 
in the presence of minimal to severe coronary lesions.?-!! Resting cor- 
onary blood flow and regional distribution were both normal despite 
coronary stenosis of up to 85 percent in diameter.? However, both 
coronary flow reserve, or the ability to increase flow in response to 
stress, and regional blood flow distribution during coronary hyper- 
emia became progressively abnormal with coronary stenosis exceed- 
ing 45 percent. These previous studies indicated that myocardial im- 
ages of regional distribution of blood flow at rest detect areas of fi- 
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brosis or scar, whereas regional distribution studies 
during stress or hyperemia delineate regional impair- 
ment of coronary flow reserve or stress-induced isch- 
emia. | 

. This report describes an experimental method for 
quantifying regional perfusion by myocardial imag- 
ing at rest and during coronary hyperemia as a means 
of assessing regional impairment of coronary flow re- 
serve. Results obtained by the imaging technique cor- 
relate closely with abnormalities of coronary flow re- 
serve measured simultaneously by electromagnetic 
flowmeters in animals and are easily applied to stud- 
ies of stress-induced regional myocardial ischemia in 

man. 


Methods 
Animal Studies 


Eight black Labrador or German shepherd dogs, 22 to 28 
kg. were anesthetized with sodium pentobarbital 1 hour 
after subcutaneous administration of 30 mg of morphine 
sulfate. Respiration was maintained with a Harvard venti- 
latory pump through a cuffed endotracheal tube, and blood 
gases were kept normal by volume adjustment or adminis- 
tration of supplemental oxygen. Through a left thoracoto- 
my the proximal 2.0 cm of the left circumflex and anterior 
descending coronary arteries was dissected clean. Small 
branches arising from these sections were ligated and di- 
vided. Appropriately sized perivascular electromagnetic 
flow transducers (Zepeda) were implanted on the circum- 
flex and anterior descending arteries. A snare occluder at- 
tached to a machinist’s micrometer was placed distal to 
each flow transducer. Each snare could be tightened by 
small precise amounts according to the 0.01 mm microme- 
ter scale. Catheters were placed in the left atrium for injec- 
tion of macroaggregated albumin and into the aorta for the 
measurement of pressure. A preformed Cordis coronary 
catheter with added side holes and shaped for dogs was in- 
serted through the left carotid artery. As previously dem- 
onstrated,!9.!! neither the coronary arteriographic catheter 
nor flow transducer interferes with resting or hyperemic 
coronary flow. | 

All measurements were recorded on an Electronics for 
Medicine DR-12 recorder at paper speeds of 10 to 25 mm/ 
sec. Aortic pressure was measured with either a Statham 
P-23Db or a Bio- Tec BT-70 pressure transducer. Coronary 
flow was measured with a Zepeda dual channel, square 
wave electromagnetic flowmeter operating at 450 and 600 
hertz. | 

The experimental procedure was as follows: Dogs were 
 heparinized. Occlusive zero base line for the electromagnet- 
ic flowmeter was established. Under fluoroscopic control, 
the tip of the coronary catheter was positioned at the ori- 
fice of the main left coronary artery so that the circumflex 
and anterior descending branches could be equally filled 
with contrast medium. As demonstrated previously, intra- 
coronary administration of sodium and meglumine diatri- 
zoate (Hypaque-M®, 75 percent) causes marked transient 
coronary hyperemia of three to seven times resting basal 
flow levels, a response equivalent to the hyperemia fol- 
lowing 10 seconds of complete occlusion. Because of these 
effects, contrast medium was utilized às a convenient 
means of repetitively stimulating marked coronary vasodi- 
latation and hyperemic flow.? A fixed dose of contrast dye 
(3 to 5 cc) was injected to permit fluoroscopic opacification 
of both coronary branches comparable to that seen in clini- 
cal coronary arteriography, and the resulting hyperemic 


flow was measured in both coronary branches. The con- 
strictor on one artery was then tightened in 10 to 21 se- 
quential steps, and the hyperemic response to contrast me- 
dium was measured at each step. 

Percent diameter constriction was calculated for each 
step by the following equation: 


micrometer reading at no 


lesion-reading at each step 
% stenosis = 100 


total micrometer excursion 

Subsequently, a fixed stenosis averaging 90 percent reduc- 
tion in diameter was produced in one artery, and the hy- 
peremic responses in both branches were again recorded 
during progressive constriction of the other artery. In this 
manner the hyperemic responses after injection of contrast 
medium, or coronary flow reserve, were determined by 
flowmeter for the circumflex and anterior descending arte- 
ries separately in the presence of various combinations of 
stenoses on each vessel (in parallel). At each step the ratio 
of hyperemic response in the circumflex artery to that of 
the anterior descending artery was calculated as a measure 
of relative regional flow distribution during hyperemia. 

Determination ef regional flow distribution during 
hyperemia: With various degrees and combinations of ste- 
noses on one or both arteries, regional distribution was de- 
termined by injection of tagged macroaggregated albumin 
in the following fashion: ?9?"technetium- or !"'iodine-ma- 
croaggregated albumin was injected into the ieft atrial 
catheter during the hvperemia occurring after injection of 
contrast medium, and the time of injection was marked on 
the tracing of coronary flow. After completion of an experi- 
ment, the animal was killed and its heart removed. The left 
ventricle was dissected free and opened by cutting from 
base to apex along the anterior descending artery. The re- 
sulting specimen was placed flat with the endocardial sur- 
face down. 

Imaging was performed with a Nuclear-Chicago gamma 
camera using a pinhole collimator; 50,000 to 100,000 count 
scintiphotos were obtained of both 9™technetium- and 
131j9dine-macroaggregated albumin using a pulse-height 
analyzer with a 20 percent window. Myocardium supplied 
by the circumflex artery was in the center of the specimen 
surrounded by myocardium supplied by the anterior de- 
scending artery (see Fig. 3). Heart imaging was performed 
on postmortem specimens of the dogs in order to measure 
regional flow distribution as accurately as possible without 
the compromising problems of counting geometry in the in- 
tact animal. Small region-of-interest windows of equal size 
were then placed over contiguous areas of ventricular myo- 
cardium supplied by the left anterior descending or cir- 
cumflex coronary arteries. Counts from each region-of-in- 
terest were collected for 2 minutes, and relative flow was 
expressed as percent of total ventricular counts. 99?mtech- 
netium counts were corrected for !?!jiodine cross talk by 
counting a !?!iodine standard of the same geometric shape 
as the left ventricular sample. The regional distribution 
ratio was calculated as 


mean % flow/unit area circumflex 
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mean % flow/unit area anterior descending 


Data were analyzed by a PDP-8 computer. Curves and 
equations relating percent stenosis to hyperemic responses 
were obtained by least squares fitting to a power series. 


Human Studies 


After giving informed consent, patients were studied 
during routine diagnostic coronary arteriogr&phy by the 
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Judkins technique. After systemic heparinization and com- 
pletion of diagnostic left coronary arteriography, the cathe- 
ter was flushed with saline solution to remove contrast me- 
dium, and coronary flow was allowed to stabilize for 2 min- 


utes. In the basal state 0.5 to 1.5 mc of !!?mindium-macro- 


aggregated albumin (30,000 particles, 20 to 40 u diameter) 
was injected into the left coronary artery. Injection of Hy- 
paque-M, 75 percent, 5 to 7 cc, was followed 6 seconds later 
by injection of 1.5 mc of *™technetium-macroaggregated 
albumin. Images of ??"technetium and !!?"mindium were 
obtained with a gamma camera using a medium energy col- 
limator in anterior, posterior, lateral, left and right anterior 
oblique and left posterior oblique views. 


Results 


Animal Studies 


Hyperemic responses during coronary con- 
striction: Intracoronary injection of Hypaque-M, 75 
percent in dogs in doses adequate for coronary angi- 
ography caused a transient 3- to 5-fold (3.9 + 0.9) in- 
crease in coronary flow which peaked at 6 to 10 sec- 
onds and slowly returned to normal over 3 minutes.?- 
1! The magnitude of this response is equal to that fol- 
lowing a 10 second coronary occlusion in dogs, con- 
sidered to be a maximal stimulus for hyperemia.? Be- 
cause of this effect Hypaque was utilized as a conve- 
nient means of repetitively stimulating coronary va- 
sodilatation and hyperemic flow. Figure 1 shows the 
hyperemic responses of the anterior descending and 
circumflex arteries after intracoronary injection of 
contrast medium during progressive constriction of 
the circumflex artery. Coronary flow increased in 
both arteries to more than 3.6 times resting control 
values during stenosis of up to 45 percent. With fur- 
ther narrowing, the hyperemic response of the con- 
stricted artery fell progressively below the normal re- 
sponse of the nonconstricted artery. 

As demonstrated previously and reconfirmed in 
this study, resting flow and distribution did not be- 
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FIGURE 2. Relation of resting coronary flow to hyper- 
emic responses during progressive coronary stenosis. 
Resting and hyperemic flow values are expressed as a 
ratio to resting coronary flow in order to compare re- 
sults from different dogs. Resting flow remains normal 
with a ratio of 1.0 as hyperemic responses (coronary 
flow reserve) are impaired by stenosis. When the ratio 
of hyperemiq responses is 1.5, resting flow values 
begin to iberduc. 
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come abnormal in either artery until there was steno- 
sis of 85 to 90 percent in diameter,? and at this point 
hyperemic responses disappeared. In Figure 2, hy- 
peremic responses are plotted against resting coro- 
nary flow values during progressive stenosis of a coro- 
nary artery. Resting flow remained normal during 
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FIGURE 1. Composite curves from 144 hyperemic responses of 
normal nonconstricted (dashed line) and progressively constricted 
(solid line) coronary arteries derived by computer to best fit experi- 
mental data. Hyperemic response on the vertical axis is expressed 
as the ratio of hyperemic mean flow after injection of contrast me- 
dium/resting mean flow before injection. Percent diameter constric- 
tion of the progressively stenosed artery is indicated on the horizon- 
tal axis. Hyperemic responses of the nonconstricted arteries re- 
mained normal; those of the progressively constricted arteries dimin- 
ished (solid line) according to the equation 


y = 4.2 — 4(10 ?)x + (10~%)x? — (1075)x9 


The hatched bar indicates 1 standard deviation above and below the 
mean response. The response for any individual dog was consistent 
and reproducible with a breaking point at 45 percent stenosis. The 
standard deviation arises from differences between dogs. 
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FIGURE 3. Myocardial images of left ventricular flow distribution. 
The dissected, opened ventricle was positioned endocardium down 
for postmortem imaging (top). The circumflex (CIRC) distribution 
was in the center of the specimen surrounded by myocardium sup- 
plied by the anterior descending artery (LAD). Normal distribution is 
shown in the resting state with no stenosis (A), in the resting state 
with stenosis of 85 percent in diameter of the circumflex artery (B), 
and at peak hyperemia with no stenosis (C). Flow distribution to the 
area of circumflex arterial stenosis was markedly diminished during 


hyperemia (D). 


stenosis despite progressively severe impairment of 
hyperemic responses to the vasodilatory stimulus. 
When the hyperemic response was reduced to ap- 
proximately 1.5, resting coronary flow began to de- 
crease. The data indicate that coronary flow reserve, 
or the capacity to increase flow in response to stress, 
became impaired before resting flow decreased and 
myocardial ischemia developed. Thus, despite nor- 
mal coronary flow and distribution in the resting 
state, there were marked differences between hyper- 
emic flow values in the constricted and nonconstricted 
‘coronary artery, thereby resulting in regional maldis- 
tribution during hyperemia. It is therefore important 
to obtain myocardial images of regional flow distribu- 
tion at peak flow during hyperemia as well as during 
the resting state. 

Regional perfusion during rest and hyperemia: 
Myocardial images of regional flow distribution at 
rest and during hyperemia are presented in Figure 3. 
With no stenosis of either coronary artery, regional 
perfusion was uniform in areas supplied by both the 
circumflex and the left anterior descending arteries 
at rest and during hyperemia (Fig. 3, A and C). With 
stenosis of 85 percent in diameter of the circumflex 
artery, regional distribution of blood flow remained 
normal in the resting state (Fig. 3B). However, re- 
gional distribution became markedly abnormal dur- 
ing contrast agent-induced hyperemia (Fig. 3D). The 
basis for the regional maldistribution shown in this 
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FIGURE 4. Composite curves from 48 hyperemic responses of pro- 
gressively constricted arteries (solid line) and of arteries with an 
anatomically fixed stenosis averaging 90 percent diameter narrow- 
ing (dashed line) derived by computer to best fit experimental data. 
The vertical and horizontal axes are as described in Figure 1. Hy- 
peremic responses of the progressively constricted arteries dimin- 
ished (solid line); those of the arteries with a fixed stenosis were 
fixed at a reduced level. 


panel is apparent from the data of Figure 1. In the 
presence of 85 percent stenosis of the circumflex ar- 
tery, contrast medium caused only a modest increase 
in blood flow in the constricted vessel as opposed to a 
normal increase in the nonconstricted vessel. 
Myocardial images of regional distribution during 
coronary hyperemia or at rest portray relative flow 
differences among various regions and do not indi- 
cate absolute changes in flow. For example, when 
both the circumflex and anterior descending arteries 
were progressively constricted to the same degree, 
the hyperemic flow response became equally im- 
paired in both, and no regional maldistribution oc- 
curred despite an absolute decrease in the hyperemic 
responses of both vessels. Figure 4 shows the hyper- 
emic responses of both coronary arteries in the pres- 
ence of a fixed severe constriction on one of them and 
progressive constriction of the other. The hyperemic 
flow after injection of contrast medium was reduced 
by progressive constriction of one artery, just as dem- 
onstrated previously in Figure 1, whereas the artery 
with a fixed severe stenosis demonstrated a fixed, re- 
duced hyperemic response. The hyperemic response 
in the variably constricted artery exceeded that of 
the artery with the fixed level of constriction until 
both arteries were equally stenosed. Regional maldis- 
tribution occurred between the regions supplied by 
the two arteries until the stenoses were equal. 
Quantitative analysis of regional distribution from 
myocardial images is shown in Figure 5. Both images 
A and B show relatively less activity in the regions of 
myocardium supplied by the anterior descending ar- 
tery than in the region supplied by the circumflex ar- 
tery. Equal-sized region-of-interest windows placed 
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FIGURE 5. Quantitative analysis of regional distribution in myocardial 
images of hyperemic flow. In two examples the dissected opened 
left ventricle is positioned endocardium down for postmortem heart 
scanning as indicated in the drawing. The circumflex distribution 
(C4-C3) is in the center of the specimen surrounded by myocardium 
supplied by the anterior descending artery (L;—L4). The location of 


. small equal-sized regions-of-interest is shown in the drawing and 


identified by numbers. Counts for each region-of-interest, expressed 
as percent of total ventricular counts, are plotted on the vertical axis 
of the graphs with corresponding locations on the ventricle indicated 
by number on the horizontal axis. Quantitative counts of the anterior 
descending (LAD) area are indicated by dashed lines and of the cir- 
cumflex (CIRC) area by solid lines. The ratio of activity of these 
areas was 1.58 in A and 3.09 in B. The corresponding flow ratios 
determined by electromagnetic flowmeter were, respectively, 1.20 
and 3.16. 


in the areas supplied by the anterior descending 
(Ly—L4) and circumflex (C,-C3) arteries allowed com- 
parison of the relative activity in each area. In exam- 
ple A, relative flow is only slightly greater in the cir- 
cumflex-supplied area than in the anterior descend- 
ing-supplied area. Example B demonstrates more se- 
vere regional maldistribution caused by a more se- 
vere stenosis of the left anterior descending artery. 
By averaging the counts per window in the areas sup- 
plied by the circumflex and anterior descending arte- 
ries, the ratio of flow per unit area of the former to 
the latter was found to be 1.56 in image A and 3.09 in 
‘image B. Simultaneous measurements of the hyper- 
emic flow responses by electromagnetic flowmeter 
were 1.20 and 3.16, respectively. Flowmeter measure- 
ments thus verify the accuracy of quantitative data 
from the images. 

The region-of-interest windows in this study were 
arbitrarily located over areas of myocardium that 
were clearly supplied by one or the other coronary ar- 
tery. Borderline areas that may have received blood 
from both arteries were avoided since the relative 
contribution of flow to such areas could not be deter- 
mined by flowmeter. The ratios by gamma camera 
shown in Figure 5 were determined by one investiga- 
tor (GWH) before the ratios by flowmeter were calcu- 
lated by another investigator (KLG) who, in addi- 
tion, had no knowledge of the results of image analy- 
sis. Under these conditions ratios by gamma camera 
are reproducible and consistent. 

Figure 6 shows the correlation of hyperemic re- 
gional distribution ratios between areas supplied by 


the circumflex and anterior descending arteries mea- 
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FIGURE 6. Correlation of hyperemic flow ratios between the circum- 
flex (CIRC) and anterior descending (LAD) arteries measured simul- 
taneously by myocardial imaging and electromagnetic flowmeter. 
Relative flow distribution during hyperemia is expressed as the ratio 
of circumflex hyperemic response/anterior descending hyperemic 
response; this ratio as determined by electromagnetic flowmeter is 
plotted on the horizontal axis and as determined by myocardial imag- 
ing is plotted on the vertical axis. The correlation coefficient (r) and 
regression equation are shown. 


sured simultaneously by electromagnetic flowmeter 
and by myocardial imaging. The ratio between hy- 
peremic flow in the former and latter areas measured 
by electromagnetic flowmeter correlated with the 
myocardial image measurement (r = 0.96). There was 
a slight tendency for the radionuclide method to un- 
derestimate low and overestimate high relative flow 
ratios measured by the flowmeter. Thus, in the ani- 
mal model, regional maldistribution as quantitated 
by myocardial perfusion imaging was closely related 
to and predictive of impaired regional hyperemic 
flow responses determined independently by flowme- 
ter. 


Clinical Studies 


Examples of the clinical application of myocardial 
imaging during coronary hyperemia in man are 
shown in Figures 7 to 9. In the left anterior oblique 
view, the left ventricle appears spherical, and abnor- 
malities of perfusion in the anterior descending, right 
and circumflex coronary arteries appear, respective- 
ly, as anterior, inferior or posterior wedge-shaped de- 
fects’ (Fig. 7). Patient BB in Figure 8 had progressive 
angina and a history of inferior wall myocardial in- 
farction. Coronary arteriography demonstrated 60 
percent stenosis of the left anterior descending artery 
and total occlusion of the right coronary artery, 


which filled retrograde from the anterior descending 


artery. Regional distribution at rest was normal. 
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However, regional distribution during contrast me- 
dium-induced hyperemia was markedly abnormal 
and showed a relative decrease in flow in areas sup- 
plied by the anterior descending (anterior) and right 
(inferior) coronary arteries. The region supplied by 
the circumflex artery (posterior) received most of the 
increase in coronary flow. 


= 
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FIGURE 7. Anatomy of myocardial images in the left anterior oblique 
(LAO) and left posterior oblique (LPO) views. The left ventricle nor- 
mally appears as a circle or ellipse. The left anterior descending 
(LAD) coronary flow distribution is on the left or anterior, the circum- 
flex (CIRC) distribution is on the right or posterior and the posterior 
descending (PDA) distribution is inferior. 








FIGURE 8. Patient BB. Top, the myocardial map in the left anterior 
oblique view indicates the 60 percent diameter stenosis of the ante- 
rior descending and complete occlusion of the right coronary. Bot- 
tom left, a myocardial image in the same view using ''?"indium- 
macroaggregated albumin at rest shows normal regional distribution. 
Bottom right, a myocardial image by ??"technetium-macroaggrega- 
ted albumin during the hyperemia following intracoronary injection of 
contrast medium shows decreased perfusion to myocardium sup- 
plied by the anterior descending artery. 


The perfusion defect with 60 percent stenosis in 
this patient was surprising in light of the experimen- 
tal data but illustrates some of the difficulties in in- 
terpreting angiograms. The difference between 60 
percent and 80 percent stenosis of a 4 mm artery is 
only 0.9 mm in diameter. Angiography cannot accu- 
rately resolve such a small difference having major 
hemodynamic consequences. Furthermore, we have 
found that 60 percent stenosis in one view may ap- 
pear as 40 or 80 percent stenosis in another view. In 
this case angiography underestimated the severity of 
a lesion as assessed by its physiologic effects. 

Patient AR in Figure 9 had a previous inferior wall 
myocardial infarction. There was total occlusion of 
the right coronary artery, and the posterior descend- 
ing artery filled by collateral vessels from the left an- 
terior descending artery. Regional flow distribution 
using !!?"indium-macroaggregated albumin was nor- 
mal at rest. Determination of regional flow using 
99mtechnetium macroaggregated albumin injected 
during coronary hyperemia revealed a prominent in- 
ferior-diaphragmatic decrease in perfusion, demon- 
strating that myocardium supplied by collateral ves- 
sels was underperfused during coronary hyperemia. 

No untoward clinical effects were caused by the in- 
jection of macroaggregated albumin at rest or during 
contrast hyperemia in any of the 49 patients studied 
to date. 


Discussion 


Since coronary blood flow and regional flow distri- 
bution may be normal under resting conditions de- 
spite severe coronary lesions, a new approach has 
been developed that allows assessment of regional 
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FIGURE 9. Patient AR. Coronary arteriographic studies revealed a 
totally occluded right coronary artery with the posterior descending 
artery filing retrograde through collateral vessels from the anterior 
descending artery. Regional flow distribution determined by !!9min- 
dium-macroaggregated albumin was normal to the entire ventricle 
under resting conditions (top row). Regional flow distribution deter- 
mined by 9°™technetium-macroaggregated albumin was decreased 
in the area of the posterior descending artery (bottom row) because 
of failure of collateral vessels to show hyperemia after contrast in- 
jection. LAO = left anterior oblique view; LLAT = left lateral view; 
LPO - left posterior oblique view. i 
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- coronary reserve or stress-induced regional ischemia. 
'The method identifies areas of stress-induced isch- 


emia by dual isotope myocardial imaging at rest and 


- during coronary hyperemia. It utilizes selective intra- 


coronary injection of Hypaque-M, 75 percent as a po- 


tent, convenient and relatively safe stimulus for the 


repeated induction of coronary hyperemia during 


coronary arteriography. Coronary stenoses that have 
minimal or no effect on coronary flow and regional 
distribution at rest cause marked impairment of both 


during contrast agent-induced coronary hyperemia. 
In previous animal studies!? we have shown that im- 
pairment of coronary flow during hyperemia is quan- 


_ titatively closely related to and predictive of all the 
pressure-flow-resistance characteristics of coronary 


stenosis. This study demonstrates that regional im- 
pairment of hyperemic coronary flow measured by 


electromagnetic flowmeter is closely related to re- 
 gional distribution abnormalities determined by 


myocardial imaging. Although there are no current 
techniques for measuring coronary arterial flow in 


man in absolute units of cubic centimeters per min- 
ute, regional distribution studies using tagged macro- 
aggregated albumin are relatively simple to perform 


during coronary arteriography. Quantitative analysis 
of myocardial images in man requires computer pro- 
cessing to avoid the arbitrary placement of region- 


_of-interest windows. Such techniques are currently 


being investigated. 

In patients regional perfusion to myocardium sup- 
plied by stenotic coronary arteries or collateral ves- 
sels was normal in the basal resting state but abnor- 
mal during the hyperemia following injection of Hy- 
paque. This maldistribution developed because 
stenotic arteries and collateral vessels did not in- 
crease flow in response to the vasodilatory stimulus 
to the same extent as normal coronary arteries. These 
observations have not been previously reported in 


man although they have been demonstrated in dogs.?- 


13 They provide direct evidence that in man coronary 
flow reserve and regional distribution during hyper- 
emia are measures of the pathophysiologic effects of 
stenosis on coronary hemodynamics. Detailed analy- 
ses of the history, electrocardiogram, coronary arteri- 
ogram, ventricular angiogram and myocardial images 
of 49 patients studied to date are described in a clini- 
cal study in press. !4 

Advantages and limitations of technique: Al- 
though studied more extensively in dogs, intracoro- 
nary administration of contrast agents is known to 
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increase coronary flow in man as well.!^ Because of 
lack of appropriate techniques, the extent and timing 
of the human response to contrast agents is not 
known and may be different from that in dogs. How- 
ever, the myocardial images of regional distribution 
during hyperemia obtained in our study suggest that 
the human response is comparable to that of animals 
and is adequate for assessing the effects of stenoses 
that are not severe enough to alter resting coronary . 
flow or resting regional distribution values. Further 
studies are required to determine whether Hypaque- 
M, 75 percent is the best agent for stimulating coro- 
nary hyperemia in man. 

With pacing or exercise the flow in normal coro- - 
nary arteries increases in proportion to oxygen de- - 
mands of the stressed myocardium. In the presence . 
of localized coronary disease causing angina pectoris — 
the patient may not tolerate sufficient exercise or 
pacing to stress the normal areas of myocardium or . 
increase coronary flow comparable to that seen after — 
administration of Hypaque-M, 75 percent. In addi- 
tion, the resolution of images by the direct intracoro- 
nary injection of macroaggregated albumin is superi- 
or to that following intravenous or intracoronary ad- 
ministration of **potassium. For these reasons we be- 
lieve that results of myocardial imaging before and 
during contrast agent-induced hyperemia are more 
sensitive and accurate than those reported by Zaret 
et al. using treadmill exercise; however, the tech- 
nique is invasive and must be performed during coro- 
nary arteriography. 

'The major limitation of the method described here 
is Its inability to assess the effects of balanced lesions 
affecting all coronarv arteries to an equal degree, a 
restriction that is shared by all techniques depending 
on myocardial imaging. However, when interpreted 
in view of arteriographic findings our approach pro- 
vides a means of assessing the effects of single or 
multiple stenoses on regional flow distribution under 
stress. Although further experience is necessary be- 
fore the technique can be used for routine diagnostic 
purposes this report demonstrates the physiologic 
principles, feasibility and potential clinical value of 
assessing regional coronary flow reserve and stress- 
induced regional myocardial ischemia by myocardial 
imaging in man. 
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Cardiac catheterization and angiocardiographic studies were per- 
formed in 221 patients an average of 2 years (range 2 weeks to 10 
years) after intracardiac repair of tetralogy of Fallot. The group repre- 
sented 32.5 percent of the postoperative survivors. The postoperative 
result was classified as “excellent” (43 percent), “good” (35 per- 
cent), "satisfactory" (7 percent) or “unsatisfactory” (14 percent) on 
the basis of right ventricular peak systolic pressure, right ventricle to 
pulmonary artery peak systolic gradient and presence of a persistent 
large or small left to right shunt at the ventricular level. Unsatisfactory 
results were associated with obstructive pulmonary vascular disease 
(four patients), severe malformations with obstruction of the right ven- 
tricular outflow tract and/or a left to right shunt with a Qp:Qs ratio of 
greater than 1.5:1 or with currently uncorrectable obstructive anoma- 
lies of the right ventricular outflow tract or pulmonary arteries. 

The postoperative result depended upon the amount of reconstruc- 
tion of the right ventricular outflow tract and the caliber of the pulmo- 
nary arteries. Patients who required a systemic to pulmonary artery 
anastomosis before total correction and those who required a pros- 
thetic patch for the right ventricular outflow tract fared worse than 
younger patients who had minimal resection of the right ventricular 
outflow tract. Pulmonary insufficiency was detected in 94 percent of 
patients with a right ventricular outflow tract prosthesis and in 10 per- 
cent of those who had infundibulectomy alone. The insufficiency was 
well tolerated clinically and hemodynamically unless there was distal 
obstruction of the pulmonary artery or its branches. | 

Postoperative catheterization is necessary to assess the immediate 
and long-term operative results in patients with tetralogy of Fallot. 
Total correction of tetralogy of Fallot as a primary procedure provides 
acceptable hemodynamic results even in children less than 4 years of 
age, providing that the right ventricular outflow tract obstruction can 
be relieved and that pulmonary insufficiency is not aggravated by in- 
creased main pulmonary arterial pressure. 


Intracardiac repair of tetralogy of Fallot has become an acceptable 
surgical procedure with an intraoperative mortality rate of 9 percent 
in our institution. A successful operation produces relief of symp- 
toms, removes the threat of stroke and brain abscess and permits 
many patients to anticipate an active and productive, if not athletic, 
life. Despite the improvement in subjective symptoms, some patients 
have persistent murmurs, abnormal radiologic appearance of the 
heart and new or unchanged abnormalities in the electrocardiogram. 
In some patients with subjective improvement, cardiac catheteriza- 
tion may reveal relief of the pulmonary stenosis and closure of the 
ventricular septal defect, whereas in others it may disclose persistent 
severe defects unsuspected from the clinical examination or impor- 
tant sequelae resulting from the surgical manipulation. In some, the 
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complications produced by a prior systemic to pul- 
monary artery shunt become manifest only after the 
corrective operation. 

The purpose of this study was to evaluate by cardi- 
ac catheterization the hemodynamic result of intra- 
cardiac repair of tetralogy of Fallot and to determine 
to what extent the surgical result was influenced by: 
(1) the age of the patient at the time of the operation; 
(2) the type of operation performed for the outflow 
tract obstruction; (3) the anatomy of the defect; and 
(4) the influence of previous systemic to pulmonary 
artery anastomosis. 


Material and Methods 


Between January 1957 and November 1971, there were 
690 early survivors (1 month postoperative) of intracardiac 
repair of tetralogy of Fallot performed in 760 patients (op- 
erative mortality 9.2 percent). The operations were per- 
formed at the Texas Children’s Hospital and the St. 
Luke’s-Texas Heart Institute complex by Drs. Denton Coo- 
ley, Grady Hallman and their associates. Cardiac catheter- 
ization was recommended within 6 to 12 months after oper- 
ation in all patients, but this procedure has been advised as 
a routine part of the management of patients with tetralogy 
of Fallot only since 1971. The 221 patients studied by car- 
diac catheterization postoperatively represent 32.5 percent 
of all patients who survived the surgical procedure for in- 
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FIGURE 1. Number of patients per 
year who underwent intracardiac re- 
pair (white bars), patients who died 
early postoperatively (hatched bars) 
and number of patients from each 
year's survivors who subsequently 
underwent catheterization (black 
bars). 
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YEAR OF 
SURGERY 


tracardiac repair of tetralogy of Fallot (Fig. 1). All 221 pa- 
tients underwent right heart catheterization; 89 also under- 
went right ventricular angiography. In 44 of the 221 pa- 
tients, left heart catheterization was performed by the per- 
cutaneous transfemeral approach or by way of a patent 
foramen ovale; 36 of the 44 also underwent left ventricular 
angiography. 

The following pressure measurements were made in 
each of the 221 patients: right atrial mean pressure, right 
ventricular peak systolic and end-diastolic pressure, pul- 
monary arterial systolic and diastolic pressure, and right 
ventricle to pulmonary artery peak systolic pressure gradi- 
ent. Blood oxygen saturation was measured in a systemic 
artery, pulmonary artery and right atrium or superior vena 
cava for estimation of any persistent left to right or right to 
left shunt. Cardiac output was determined by the Fick 
principle using the assumed oxygen consumption values for 
age, sex and heart rate of LaFarge and Miettinen.! A left to 
right shunt at the ventricular or aortic level (from a previ- 
ous surgical anastomosis) was confirmed by data obtained 
from indicator dye-dilution curves, hydrogen gas inhalation 
studies or left ventricular or aortic root angiography. Pul- 
monary insufficiency was qualitatively identified by clini- 
cal recognition of the murmur by at least two experienced 
observers. The site of a residual right ventricular outflow 
tract obstruction was identified with use of angiography. 

A second postoperative catheterization was performed 
in 32 patients 2 to 9 years (average 5 years) after the first 
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TABLE I 
Previous Surgical Procedures 





Patients with 
Residual 
Anastomosis 
Total no. Shunt 
| of Lid oM 
Previous Surgical Procedure Patients no. 06 
Subclavian to pulmonary artery 61 3 4.7 
anastomosis (Blalock-Taussig) 
Descending aorta to pulmonary 63 15 22.7 
anastomosis (Potts) 
—X Ascending aorta to pulmonary artery 4 0 0 
anastomosis (Waterston-Cooley) 
Multiple anastomoses 6 
Closed pulmonary valvotomy 2 
(Brock) 
Patients (total no.) 
- With anastomoses 128 18 13.4 
With no previous surgery 91 
Total 221 


: postoperative study to determine the long-term effect on 


cardiovascular hemodynamics of any residual gradients or 
pulmonary insufficiency. 


Type of Operation Required 


Relief of the right ventricular outflow tract obstruction 
required (1) excision of infundibular stenosis (42 patients, 
19 percent). (2) pulmonary valvotomy plus excision of in- 
fundibular stenosis (75 patients, 34 percent), or (3) place- 
ment of a right ventricular outflow tract patch of prosthetic 


. material or pericardium, plus excision of the infundibular 


stenosis with pulmonary valvotomy or resection of the pul- 
monary valve (104 patients, 47 percent). The ventricular 
septal defect was closed with a Dacron® patch in each in- 
stance. In 18 patients, closure of an atrial septal defect or 
patent foramen ovale was accomplished. A previous sys- 
temic to pulmonary artery shunt had been performed in 
128 patients, and 2 patients had a previous closed pulmo- 
nary valvotomy (Table I). 


Evaluation of Operative Result 


The hemodynamic result was categorized as excellent, 
good, satisfactory or unsatisfactory according to the criteria 
listed in Table II. To qualify as an excellent result, all three 
criteria had to be met; for classification in the other groups, 
only one criterion was necessary. For example, if there was 
a large left to right shunt (Qp:Qs ratio greater than 1.5:1), 
the result was classified as unsatisfactory despite excellent 
or good right ventricular pressure or satisfactory right ven- 
tricle to pulmonary artery systolic pressure gradient. An 


. “unsatisfactory” result does not necessarily imply faulty 


surgical technique. An unsatisfactory level of right ventric- 
ular pressure may be secondary to acquired pulmonary hy- 
pertension or an additional previously unrecognized defect 
in spite of adequate relief of right ventricular outflow tract 
obstruction and closure of the ventricular septal defect. 
Likewise, some patients with excellent or good results by 
our criteria may have disturbing dysrhythmias or an im- 
portant degree of pulmonary insufficiency. These impor- 
tant aspects of cardiovascular function were not included 
in our scoring of the hemodynamic result. In future studies 
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TABLE II 


Classification of Results of Intracardiac Repair 
According to Postoperative Hemodynamic Findings 





Patients 


(no) % 


Classification Hemodynamic Results 

RV systolic pressure <40 mm Hg 
and 

RV-PA systolic gradient <20 mm Hg 
and 

No ventricular shunt 


Excellent 


Good RV systolic pressure 40-60 mm Hg 79 35.7 
or | 

RV-PA systolic gradient 20-40 mm Hg 
or 

Small L — R ventricular shunt 


Q,:Q, «1.5: 


RV systolic pressure 60-70 mm Hg 
or 
RV-PA systolic gradient <50 mm Hg 
or 
Small L— R ventricular shunt 
Q»:Q, «1.93 


RV systolic pressure >70 mm Hg 
or 
RV-PA systolic gradient >50 mm Hg 
or 
L — R ventricular shunt 
Q,:Q, >1.5:1 
or 
Pulmonary vascular disease 


Satisfactory 16 7.3 


Unsatisfactory 


Total 221 100.0 


L — R = left to right; PA = pulmonary arterial; RV = right 
ventricular. 


of these patients, it would be desirable to evaluate the clin- 
ical aspects and response to exercise stress. 


Results 


Table II] summarizes the results of postoperative 
cardiac catheterization according to the type of intra- 
cardiac repair. Of the 221 patients, 95 (43 percent) 
had an excellent result and 79 (35 percent) a good re- 
sult; 16 (7 percent) had a satisfactory and 31 (14 per- 
cent) an unsatisfactory classification. 

Hemodynamic results in relation to the type of 
surgical procedure required: The best results (Fig. 
2) were obtained in patients who required infundibu- 
lectomy alone to relieve right ventricular outflow 
tract obstruction. The patients who required infun- 
dibulectomy and valvotomy with or without an out- 
flow patch had higher average right atrial mean, right 
ventricular end-diastolic and peak systolic pressures, 
and a higher right ventricle to pulmonary artery sys- 
tolic gradient than the patients who had infundibu- 
lectomy alone. In 104 patients, severe anatomic mal- 


formation of the right ventricular outflow tract (se- 


vere valvular stenosis, acquired pulmonary valvular 
atresia, hypoplastic pulmonary annulus or hypoplas- 
tic pulmonary artery or branches, or both) required 
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was at the pulmonary valve in 33 and at the in- 


undibular level in 6. Twelve of these 39 patients had 
ubsequent cardiac catheterization and in 8 the gra- 
ient hac fallen to less than 20 mm Hg. 

Pulmonary insufficiency: The murmur of pul- 


monary insufficiency was present in 70 percent of all 
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greatest (94.2 percent) in patients with an - 
tract prosthesi sis, and was also high p 6 DE 








out insertion of. an outflow tract patch 

Residual shunts: Forty-four patients 
cent) had a residual ventricular septal defect witi 
left to right shunting (Table III). The shunt was 
small (Qp:Qs ratio <1.5:1) in 36 patients (16.3. per- 
cent) and considered to be significant (Qp:Qs : 
»1.5:1) in 8 patients (3.6 percent). In the group of. 
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FIGURE 4. Average pressure data in relation t 
type of surgical procedure in patients with and 
without a previous systemic to pulmonary artery 

anastomosis. P values refer to differences be- — 
tween patients with primary correction and - 
those with previous shunts. NS = not signifi- 


cant. 
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tients with less severe right ventricular outflow tract 
obstruction who underwent repair of ventricular sep- 
tal defect and infundibulectomy only, a residual ven- 
tricular septal defect was found in only 7.1 percent 
of patients. In those with more complex anatomic 
malformations who required valvotomy or valvotomy 


- with outflow tract prosthesis, the incidence of residu- 
— al ventricular septal defect was significantly greater 


(23.9 and 22.1 percent, respectively). Six patients 
with a residual left to right shunt at the ventricular 
level of greater than 1.5:1 underwent reoperation, 
- and in five the second closure of the ventricular sep- 
tal defect was successful. 

Effect of previous shunt operation on postop- 
erative hemodynamic result: In 128 patients (58 
percent of the subjects of this study), a systemic to 
pulmonary artery anastomosis had been performed 
before intracardiac repair. The incidence of persis- 
tent left to right shunting at the site of the anastomo- 
- sis after the correction was 13.4 percent (Table I), but 
in each case, the left to right shunt was small. There 
—was a high incidence (22 percent) of incomplete clo- 


— sure in patients with a previous Potts anastomosis. 


Postoperative cardiac catheterization data re- 
vealed that the average right ventricular systolic 
pressure was greater in the 128 patients who had re- 
quired a previous shunt procedure than in the 91 pa- 
tients who did not. Table III shows that a previous 
anastomosis had been necessary in only 38 percent of 
the patients who required infundibulectomy alone for 
relief of right ventricular outflow tract obstruction, 
but among patients who required either pulmonary 
valvotomy or a right ventricular outflow tract pros- 
thesis, 58 and 65 percent, respectively, required a 
shunt procedure before total correction. A previous 
anastomosis was associated with a poorer hemody- 
namic result, particularly in patients with simpler 
forms of right ventricular outflow tract obstruction 
(Group A, Fig. 4). 

In four patients with a previous anastomosis, pul- 
monary obstructive vascular disease was recognized 


TABLE IV 
Reasons for Unsatisfactory Classification in 35 Patients 


after the intracardiac repair; these patients were 


therefore considered to have an unsatisfactory result. 


Three of the four had a Potts anastomosis, 7, 9 and - 
11 years, respectively, before total correction, and 
one had a Blalock-Taussig anastomosis 9 years before 


the definitive operation. 


Hemodynamic results of intracardiac repair in > 
relation to age at operation: Intracardiac repair — 
was performed between age 4 and age 10 years in 67 - 
percent of the patients, between age 10 and age 20 in > 


26 percent and earlier than age 4 in only 7 percent 


(Fig. 5). The relief of the right ventricular outflow — 
tract obstruction appeared to be best in the youngest - 


age group, but there was no significant difference on - 


statistical analysis. 


) - 


The 15 patients less than 4 years of age at the time - 
of intracardiac repair were evaluated by cardiac cath- - 
eterization an average of 3 years and 10 months post- — 
operatively. Each had the severe cyanotic form of te- — 
tralogy of Fallot, and 12 had intracardiac repair as - 


the primary procedure. Two patients with a previous . 
Potts anastomosis had an excellent postoperative re- 


sult. In the other child with a previous Blalock- 
Taussig anastomosis, the 8 year postoperative result 
was unsatisfactory because of increased pulmonary 


arterial pressure due to occlusion at the site of anas- - 


tomosis and congenital stenosis of the right pulmo- 


nary artery. 
Of the 12 patients who had intracardiac repair as 
the primary procedure before age 4 years, 8 had an 


excellent result, 3 a good result and 1 an unsatisfacto- | 
ry result because of increased pulmonary pressure | 


due to atresia of the right pulmonary artery and hy- 
poplasia of the left pulmonary artery. Nine of the 12 
required a prosthetic patch to enlarge the outflow 
tract, and 3 underwent only infundibulectomy and 
valvotomy. Ten patients had clinical signs of residual 
pulmonary insufficiency. Two patients had a residual 
left to right shunt at the ventricular level, only one of 
which was greater than 50 percent. 


Causes of unsatisfactory hemodynamic results: | 





Residual VSD 
Reason for Unsatisfactory Classification Patients (no.) (05:0. >1.5:1 Total 
|. RVOT obstruction located at site of: 
A. Distal border of RVOT patch with small MPA 12 1 13 
B. Proximal border of RVOT (annular stenosis) 2 2 
C. Narrow pulmonary annulus (no RVOT patch) 1 1 2 
D. Valvular stenosis 4 1 5 
E. Infundibular stenosis 1 1 
F. Infundibular and valvular stenosis 1 1 2 
Il. Residual VSD (Q,:Q, >1.5:1, without RVOT obstruction) 4 4 
Ill. Pulmonary hypertension secondary to previous anastomosis 4 4 
IV. Pulmonary branch stenosis with aneurysmal dilatation 
and pulmonary hypertension 2 2 
Total . 27 8 35 





MPA = main pulmonary artery; RVOT = right ventricular outflow tract; VSD = ventricular septal defect. 
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ry result because of increased pulmonary 
ressure secondary to a previous anastomosis 
cannot be considered to have had failure of 
e correction. One patient had right pulmo- 
rial stenosis due to a previous right Blalock- 
nastomosis and moderate obstruction at the 
order of the patch. | 
e follow-up of patients with “unsatisfacto- 
ssification: If one excludes the four patients 
monary hypertension, the remaining 31 pa- 
d residual defects that were potentially cor- 
Fourteen patients underwent serial cardiac 
rization and in four of these, the hemodynam- 
obtained at the second postoperative cathe- 
jon were significantly better than those of the 
ostoperative study. One patient with residual 
vular obstruction and persistent heart failure died 
year postoperatively. Thirteen patients underwent 
second operation, and the majority had a good final 
result that was documented by results of a subse- 
uent catheterization study. The clinical condition of 
: 16 patients was good and further corrective surgery 
* was not recommended at the time. 
^. Results of serial cardiac catheterization: 
_ Thirty-two patients underwent right heart catheter- 
ization an average of 13 months after intracardiac re- 
_. pair and a subsequent catheterization an average of 6 
years postoperatively. The patients were classified 
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tricular end: dalie pressur 
nary insufficiency as a result of 
or insertion of an outflow tract p 
other patients with. pulmona 
with an outflow tract patch) E 
end-diastolic pressure. — 
Three patients in Group I ibd f 
a small residual ventricular septal d 
patients in Group IÍ had a pulmon 
flow ratio greater than 1.5:1; in bot 
septal defect was associated with sigt 
obstruction of the right ventricular outflow tract ar 
the hemodynamic status deteriorated between th , 
first and second cardiac catheterizations. |^. 
In the 14 patients classified as having an unsatis- 
factory result (Group II), values for right atrial. mean 
and right ventricular end-diastolic pressure did not s 
differ significantly from those of Group I, but the av- _ 
erage right ventricular systolic pressure and the right - 
ventricle to pulmonary artery systolic gradient. in- |. 
creased with time in spite of a lower calculated pul- |. 
monary blood flow value in most patients. In eight _ 
patients, the systolic pressure gradient. increased, in | 
one it remained unchanged and in five it decreased 
when measured at the second postoperative catheter- 
ization (Fig. 8). ae 
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Discussion 


The 221 patients studied postoperatively repre- 
sented 32.5 percent of all patients who survived in- 
tracardiac repair of tetralogy of Fallot in our institu- 
tion between January 1957 and November 1971. AI- 
though we recommend recatheterization in all cases 
of intracardiac repair of tetralogy of Fallot, this rec- 
ommendation is often difficult for the parents or the 
patient to accept when the cyanosis and exercise in- 
tolerance have been alleviated. Postoperative cathe- 
terization was performed in nearly all patients who 
did not have a good result, but when the result was 
clinically excellent or good, postoperative catheter- 
ization was often not acceptable to the patient or his 
parents. For this reason, our data do not represent 

the overall results of intracardiac repair of tetralogy 
-of Fallot in our institution. 


Right Ventricular Outflow Tract Obstruction 


— Reconstruction of the right ventricular outflow 
tract is the most difficult technical problem in the in- 
tracardiac repair of tetralogy of Fallot. Isolated in- 
fundibular stenosis with a normal pulmonary valve is 
the most favorable anatomic type of obstruction for 
successful repair. Although effective relief of obstruc- 
tion was obtained in patients with combined valvular 
and infundibular stenosis, 70 percent of these pa- 
tients were left with the murmur of pulmonary insuf- 
ficiency compared with 9.5 percent of patients with 
infundibular stenosis alone. Furthermore, the right 
ventricular end-diastolic pressure and right atrial 
mean pressure levels were higher in patients with 
combined obstruction, presumably because of the 
pulmonary insufficiency. The more severe malforma- 
tions were often associated with residual obstruction. 
When a small pulmonary annulus, hypoplastic pul- 
monary artery or acquired pulmonary valvular atre- 
sia associated with severe infundibular stenosis was 
present, adequate relief of the outflow obstruction 
was accomplished in 82.6 percent of patients. How- 
ever, these patients were also left with pulmonary in- 
sufficiency, with an average residual right ventricle to 
pulmonary artery systolic pressure gradient greater 
than 20 mm Hg. 

Residual pulmonary outflow tract gradient: 
The extent of the outflow tract reconstruction varies 
in different institutions, as do the criteria for an ac- 
ceptable residual gradient. Goldman et al.? accept a 
residual gradient of 30 to 40 mm Hg whereas Ebert 
and Sabiston? and Malm et al.* accept less than 50 
mm Hg. More liberal criteria are given by Gotsman et 
al., who state that residual outflow obstruction is 
preferable to pulmonary insufficiency. They consider 
residual gradients of 25 to 50 mm Hg mild and those 
higher than 50 mm Hg moderate; the right ventricu- 
lar pressure was greater than 50 mm Hg in 48 percent 
of their patients. Kirklin? advocates the insertion of 
an outflow patch only if the right ventricular systolic 
pressure is equal to the left ventricular pressure after 
infundibular and valvular resection. We agree with 


Hawe et al.,’ who insert an outflow patch if the right 
ventricular systolic pressure is more than 75 percent 
of left ventricular systolic pressure after relief of the 
infundibular or valvular obstruction. 

Surgically produced pulmonary insufficiency: 
To avoid producing pulmonary insufficiency, there 
has been a trend away from the practice of dividing 
the pulmonary annulus and using an outflow tract 
patch.^959 Some investigators®® believe that use of 
an outflow tract patch leads to pulmonary insuffi- 
ciency and poor right ventricular performance, 
whereas others?^ state that it is more important to 
relieve right ventricular outflow tract obstruction to 
reduce the incidence of right heart failure. Gotsman? 
believes that a combination of pulmonary insufficien- 
cy with residual obstruction produces a greater ab- 
normality of function. Clinical and experimental ob- 
servations indicate that isolated pulmonary insuffi- 
ciency is a benign lesion!°-!4; however, when com- 
bined with ventriculotomy, excision of myccardium 
and an outflow gusset, pulmonary insufficiency may 
have a more deleterious effect on right ventricular 
function than has previously been described. 

Hemodynamic data in our patients with an outflow 
tract prosthesis and pulmonary insufficiencv studied 
up to 10 years postoperatively support the observa- 
tions of Bristow et al.!? that pulmonary insufficiency 
is well tolerated over long periods of time and that 
the response to exercise is normal provided that there 
is no residual obstruction. Therefore, we believe that 
the use of an outflow patch with its concomitant pul- 
monary insufficiency is a justified procedure for re- 
lieving outflow tract obstruction that cannot other- 
wise be relieved by infundibulectomy and valvotomy. 

'To overcome the drawbacks of an outflow patch 
prosthesis such as pulmonary insufficiency, lack of 
contractility and aneurysmal distension, several in- 
stitutions are using aortic homografts as outflow tract 
patches in patients with severely hypoplastic pulmo- 
nary arteries or pulmonary arterial atresia. Goldman 
et al.,? Somerville and Ross! and Kouchoukos et al.!? 
have used prosthetic conduits with homograft valves, 
and this procedure may be the treatment of choice 
when both the pulmonary annulus and artery are hy- 
poplastic. With a good-sized main pulmonary artery 
and a small annulus, a pericardial outflow patch is 
preferable; it is safe and produces no hemodynamic 
disability. In our study, anuerysmal dilatation of the 
outflow patch occurred mainly in patients with resid- 
ual distal obstruction. 


Residual Shunts 


Twenty percent of the 221 patients studied had a 
residual left to right shunt at the ventricular level, 
but it was considered significant in only 3 (3.6 per- 
cent), and in 5 the shunt was subsequently closed. In 
the majority of patients, particularly in those with 
marked overridinz of the aorta, the shunt was detect- 
ed only by hydrogen curve or left ventricular angio- 
graphic studies, the angiogram showing the leak to be 
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at the superior margin of the ventricular patch. Other 
series have reported a 10 to 23 percent incidence of 
residual ventricular shunting.4!5-?? 


Factors Affecting Surgical Results 


-Previous surgery: There was no statistically sig- 
nificant difference in the morbidity rates of patients 
- who had intracardiac repair with or without a prior 
systemic te pulmonary artery anastomosis; this find- 
ing is in agreement with most observations.?/^5214 
However, the hemodynamic results and morbidity 
rates after total correction were slightly worse in pa- 
tients with a prior shunt. In two patients occlusion of 
the left pulmonary artery developed as a result of 
thrombosis of a previous Blalock-Taussig anastomo- 
sis. Six patients have significant pulmonary branch 
stenosis, three of these after a Potts anastomosis. 
~The unsatisfactory hemodynamic results in patients 
with a previous shunt are not entirely due to a more 
severe degree of malformation requiring early pallia- 


— tion, since some patients with clinically milder forms 


_of tetralogy and a previous shunt had more residual 


- abnormalities than the comparable group without a 


shunt. Additionally, there was a 13.4 percent inci- 
dence of residual shunting through the anastomosis 
after total correction; the greatest incidence occurred 
-jn the patients with a previous Potts anastomosis. 

Pulmonary hypertension was noted in only 4 of the 
221 patients. Three of our 63 patients with a prior 
Potts anastomosis had increased pulmonary arterial 
pressure at postoperative catheterization and the size 
of the anastomosis was greater than 1 cm in diameter 
at the time of closure. 

Since our data suggest that a prior shunt may ad- 
versely affect the final result of total correction and 
since the hemodynamic results in children undergo- 
ing intracardiac repair before age 4 years were good, 
we suggest that systemic to pulmonary anastomosis 
be reserved for very small children or those whose 
pulmonary arterial anatomy does not permit total 
correction. Children with the most severe form of te- 
tralogy of Fallot usually present with hypoxemic 
symptoms before age 1 year and require some form of 
surgical intervention. At present, we are performing 
an ascending aorta to pulmonary artery anastomosis 
in these infants because the procedure is relatively 
easy to perform, the size of the opening does not 
seem to grow inordinately with age and closure is rel- 
atively easy at the time of total correction. Recent re- 
ports of intracardiac repair of tetralogy in infants uti- 
lizing profound hypothermia seem promising and 
warrant further consideration.?^ 

Age at total correction: When the children who 
underwent intracardiac repair between 1 and 4 years 
of age were studied separately, they were found to 
have better postoperative hemodynamic results than 
the older age groups, and 11 of the 12 children had 
excellent or good results. The incidence of pulmonary 
insufficiency was high in this group since 75 percent 
required a patch to enlarge a markedly narrowed out- 


flow tract. Six percent of this group of patients had a 
small residual ventricular septal defect compared 
with an average of 20 percent in all other series. We 
therefore recommend total repair in symptomatic 
children older than age 1 year if the pulmonary arte- 
ries are of adequate size. 


Unsatisfactory Result 


Of those children with unsatisfactory hemodynam- 
ic results, more than 50 percent had a severe anatom- 
ic malformation of the right ventricular outflow tract 
and required a prosthesis to enlarge the pulmonary 
annulus and artery. Residual obstruction in these pa- 
tients was usually at the distal end of the patch with 
subsequent aneurysmal dilatation in some cases. 
Only one patient had dilatation of the outflow tract 
patch without residual obstruction. The other pa- 
tients with unsatisfactory results had residual ob- 
struction because of an inadequately enlarged annu- 
lus or incomplete valvotomy, whereas residual infun- 
dibular obstruction was rare. However, more than 
half of the patients with unsatisfactory hemodynamic 
results benefited from surgery and were clinically 
well, although exercise tolerance tended to be dimin- 
ished. 


Serial Postoperative Catheterization 


Serial postoperative cardiac catheterization 
showed that the hemodynamic findings remained 
stable or improved if the initial results were “excel- 
lent,” “good,” or "satisfactory." Possible regression 
of obstructive right ventricular hypertrophy or the 
reduced calculated cardiac output could account for 
the late decrease of residual gradients from the right 
ventricle to pulmonary artery in some patients. Pul- 
monary insufficiency was found to be well tolerated 
and right ventricular end-diastolic pressure de- 
creased with time in some patients with pulmonary 
insufficiency. 

'Those patients with residual right ventricular sys- 
tolic pressure greater than 70 mm Hg at the first 
postoperative catheterization (average 1 year postop- 
erative) tended to have an increased right ventricular 
pressure and right ventricle to pulmonary artery gra- 
dient at the time of the second catheterization (aver- | 
age 5.5 years postoperative), especially with exercise 
(unpublished data). It appears that a residual ob- 
struction resulting in a right ventricular pressure of 
greater than 70 mm Hg will not regress and is associ- 
ated with a high incidence of poor hemodynamic re- 
sults. 


Conclusions 


It has become apparent in evaluation of patients 
after total repair of tetralogy of Fallot that cardiac 
catheterization and angiocardiography must be per- 
formed to assess accurately the operative result, since 
the presence or absence of symptoms, murmurs or 
persistent electrocardiographic abnormality and the 
radiologic appearance of the heart do not provide 
precise information about the hemodynamic result. 
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In our institution, evaluation of postoperative pa- 
tients by catheterization now includes assessment of 
right and left ventricular function at rest and in re- 
sponse to stress, as well as the quantitation of the 
amount of pulmonary insufficiency. 'The postopera- 
tive catheterization data should provide a basis for 
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recommendations about physical activity, vocational 
plans, the frequency of follow-up examinations, and 
additional operations. The studies, when reviewed 
with the postoperative findings, should be of value in 
the future selection of patients for operation and in 
the evaluation of surzical techniques. 


References 


1. LaFarge CG, Miettinen OS: The estimation of oxygen consump- 
tion. Cardiovasc Res 4:23-30, 1970 

2. Goldman BS, Mustard WT, Trusler GS: Total correction of te- 
tralogy of Fallot: review of ten years' experience. Br Heart J 
30:563-568, 1968 

3. Ebert PA, Sabiston DC: Surgical management of the tetralogy 
of Fallot: influence of previous systemic-pulmonary anastomosis 
on the results of open correction. Ann Surg 165:806—813, 1967 

4. Malm JR, Blumenthal S. Bowman FO Jr, et al: Factors that 
modify hemodynamic results in total correction of tetralogy of 
Fallot. J Thorac Cardiovasc Surg 52:502-513, 1966 

5. Gotsman MS, Beck W, Barnard CN, et al: Results of repair of 
tetralogy of Fallot. Circulation 40:803-821, 1969 

6. Kirklin JW: The tetralogy of Fallot. Am J Roentgenol 102:253- 
256, 1968 

7. Hawe A, McGoon DC, Kincaid OW, et al: The fate of the out- 
flow tract in tetralogy of Fallot (abstr). Circulation 42: Suppl III:I- 
164, 1970 

8. Meyer BW, Lindesmith GG, Stanton RE, et al: Surgical correc- 

. tion of tetralogy of Fallot with previous systemic to pulmonary 

, artery shunts. Circulation 35, 36:Suppl |:119-123, 1967 

9. Dobel ARC, Charrette EP, Chughtai MS: Correction of tetralogy 
of Fallot in the young child. J Thorac Cardiovasc Surg 55:70-79, 
1968 

l0. Collins NP, Braunwald E, Morrow AG: Isolated congenital pul- 
monic valvular regurgitation: diagnosis by cardiac catheteriza- 
tion and angiocardiography. Am J Med 28:159—164, 1960 

‘1. Cortes FM, Jacoby WJ: Isolated congenital pulmonary valvular 
insufficiency. Am J Cardiol 10:287-290, 1962 

2. Fish RG, Takaro T, Crymes T: Prognostic considerations in pri- 
mary isolated insufficiency of the pulmonic valve. N Engl J Med 
261:739—742, 1959 

3. Ellison RG, Brown WJ, Hague EE, et al: Physiologic observa- 
tions in experimental pulmonary insufficiency. J Thorac Surg 
30:633-641, 1955 

4. Austen WG, Greenfield LJ, Ebert PA, et al: Experimental study 


of right ventricular function after surgical procedures involving 
the right ventricle anc pulmonary valve. Ann Surg 155:606—613, 
1962 

15. Bristow JD, Kloster FE, Lees MH, et al: Serial cardiac catheter- 
izations and exercise hemodynamics after correction of tetralo- 
gy of Fallot. Circulation 41:1057—1066, 1970 

16. Somerville J, Ross D: Long term results of complete correction 
with homograft reconstruction in pulmonary outflow tract atre- 
sia. Br Heart J 34:29-36, 1972 

17. Kouchoukos NT, Barcia A, Bargeron LM, et al: Surgical treat- 
ment of congenital pulmonary atresia with ventricular septal de- 
fect. J Thorac Cardiovasc Surg 61:70-84, 1971 

18. Wolf MD, Landtman B, Neill CA, et al: Total correction of tetral- 
ogy of Fallot. Circulation 31:385-393, 1965 

19. Lillehei CW, Levy MJ, Adams P, et al: Corrective surgery for 
tetralogy of Fallot: long term follow-up by postoperative recath- 
eterization in 69 cases and certain surgical considerations. J 
Thorac Cardiovasc Surg 48:556-576, 1964 

20. Barnard CN, Schrire V: The surgical approach to tetralogy of 
Fallot. S Afr Med J 40:330-339, 1966 

21. Hallman GL, Cooley DA: Surgical treatment of tetralogy of Fal- 
lot: experience with direct and indirect techniques. J Thorac 
Cardiovasc Surg 46:419—435, 1963 

22. Kirklin JW, Wallace RB, McGoon DC, et al: Early and late re- 
sults after intracardiac repair of tetralogy of Fallot. Ann Surg 
162:578—589, 1965 

23. Von Bernuth G, Ritter DG, Frye RL, et al: Evaluation of patients 
with tetralogy of Fallot and Potts anastomosis. Am J Cardiol 27: 
259-263, 1971 

24. Cole RB, Muster AJ, Fixler DE, et al: Long-term results of aor- 
topulmonary anastomosis for tetralogy of Fallot. Circulation 43: 
263-271, 197 1. 

25. Barratt-Boyes BG, Simpson M, Neutze JM: Intracardiac surgery 
in neonates and infants using deep hypothermia with surface 
cooling and limited cardiopulmonary bypass. Circulation 43, 44: 
Suppl I:I-25-I-30, 197 1 


76 October 3, 1974 The American Journal of CARDIOLOGY Volume 34 


HISTORICAL MILESTONES 


. William G. MacCallum on the Teaching of 


- Pathologic Physiology (1906) 


SAUL JARCHO, MD 
New York, New York 


'The historical articles that have been appearing in 
this Journal since its inception in 1958 now number 
more than 100 and have ranged freely over clinical 
cardiology and the physiology and pathology of the 


. cardiovascular system. The present installment is 
— something of an innovation, since it is the first in 


which the teaching of cardiovascular physiology is 
. discussed. 

= William G. MacCallum (1874-1944), professor of 
- pathology at Johns Hopkins University, was a born 
- discoverer. To the surprise of his students, this quiet 
and somewhat withdrawn celibate was also a devoted 
and ingenious teacher, as is shown by the following 
excerpts from his paper “On the Teaching of Patho- 
logical Physiology," which appeared in the Johns 
Hopkins Hospital Bulletin in 1906.! 


Excerpts from MacCallum's Paper 


The following outline of the course in pathological physi- 
- ology recently begun at the Johns Hopkins University is in- 
tended to show the plan and aims of this work and to argue 
its importance in the general scheme of medical education. 
Heretofore, courses in pathology have concerned them- 
selves chiefly if not exclusively with the study of pathologi- 
cal anatomy, practical demonstrations of the lesions met 
with at autopsy being varied here and there, by didactic 
lectures upon the underlying principles involved and the 
nature of the mechanical and chemical processes at work. 
As far as the practical work—that is the intimate contact of 
the student with real objects—is concerned, such courses 
are purely morphological and deal with the end results of 
the processes mentioned in the lectures. With these pro- 
cesses in action the student gains no direct acquaintance 
until he reaches the later years of his medical course when 
he is introduced into the wards and allowed to study the 
patients clinically. Then, it is true, he directly observes the 
altered functions of diseased organs but, as it were, at a dis- 
tance. He may not apply other than clinical methods to 
these patients, such as auscultation and percussion, al- 
though it is clear that of recent years the perfection of the 
methods of clinical investigation approaches more and 
more closely that of the physiological laboratory. The fact, 
however, that he is dealing with a fellow human being, and 
that a suffering one, will necessarily limit greatly in many if 
. not in all instances, the thoroughness and completeness of 
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his application of these methods. Many of the most in- . 
structive of the precise methods at the command of the © 
physiologist are not applicable to human beings at all, or if — 
so, only indirectly, and by means of apparatus much less . 


delicate and exact than that commonly used in the labora- _ 


tory. 


Further, it is well known that unless special care is taken 


4 1d 


e 


to avoid such a thing the student is likely to complete his - 
study of pathological anatomy before he begins his clinical | 


work, and he is in the position then of trying in each clini- - 


cal case to correlate sometimes faintly remembered ana- 


tomical changes with the signs and symptoms which he ~ 
now finds before him. It was for these reasons that it | 
seemed desirable to teach pathology, not merely from the — 
morphological standpoint, but more particularly to bring — 


clearly before the student the alterations in function which: 


result from disease, by applying to the organs in the course 
of their reaction to experimentally produced lesions, all of 


the exact methods of the physiologist. By this means, al- 


ways in association with anatomical studies, it is possible to 
correlate in the mind of the student much more closely 


than otherwise the changes in function and the anatomical — 


alteration. 
In this study of disturbed function it was planned to pro- 
duce experimentally such lesions of the various organs as 


are commonly met with in the wards, and any available | 


methods were used to this end. It may be remarked in pass- 
ing that ideal uncomplicated lesions may be produced in 
this way which will illustrate the principle involved often in 
a way seldom seen in clinical cases. | 

Facilities for the prosecution of this work were afforded 


in the new Hunterian Laboratory for Experimental Medi- — 


cine which the trustees of the University have generously 
erected for such purposes. Of this building, Dr. [Harvey] 
Cushing has already written a description in which he de- 
tails the arrangements for the accommodation of animals 
in the whole basement, and the operative work which is 
carried on for and by the students in one-half of the upper 
floor. The other half of that floor is devoted to experimen- 
tal pathology and is divided into several small rooms pro- 
vided with the necessary apparatus... 

In planning a course in pathological physiology it imme- 
diately became obvious that the whole field could not be 
covered even in the most superficial way within the portion 
of the academic year at our disposal, and it was therefore 
decided to subdivide the course, taking up the disease of a 


different set of organs each year. Thus the course already - 


given, which lasted about two months with the three after- 
noon exercises a week, was devoted entirely to the circula- 
tory system, while next year it is proposed to study in a 
similar way the diseases of the organs of internal secretion 
and so on. 

In a general way the lectures of Cohnheim formed a 
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model for this course, the experiments described there 
being actually carried out. It was not thought desirable, 
however, to limit the course to experimental work, but cer- 
tain days were devoted to the study of the gross and micro- 
scopical anatomy of the lesions to be studied experimental- 
ly, as exemplified by specimens in the museum, etc. Thus 
the course was actually a course in the general pathology of 
the circulatory system. 

Diseases of the AREE STA were first taken up and 
studied anatomically, especially with regard to the nature 
and quantity of the exudate and its position with reference 
to the heart. These being the factors of especial importance 
in affecting the function of the heart, the experimental 
study was designed as described by Cohnheim, to render 
clear the effects upon the circulation produced by such an 
exudate imitated by the introduction of fluid under pres- 
sure into the pericardium. The apparatus was so arranged 
that fluid might be introduced or withdrawn at will and the 
pressure correspondingly changed. The effect of rather 
rapid distension of the pericardium with fluid is shown... 
it is seen that the arterial pressure rapidly sinks to a mini- 
mum, the pulsation disappearing in time. The pressure in 
the pulmonary artery ... is also lowered and the pulsation 
obliterated, while in the innominate vein... the pressure is 
elevated slightly. The death of the animal would rapidly 
ensue if this distension of the pericardium thus suddenly 
produced were maintained, but the pressures return to nor- 
mal and pulsation reappears when it is withdrawn. When 
the exudate appears gradually, as it usually does, the heart 
is able to tolerate the pressure of much larger amounts. Ev- 
idently its power of dilating actively is called into play 
there. 

Anatomical study of various acute and chronic lesions of 
the endocardium and especially of the heart valves with the 
resulting changes in the heart and circulation was followed 
by the experimental study of these lesions, nearly all of 
which can be reproduced by various methods. Exact rec- 
ords of pulsation and pressure could then be taken from 
any portion of the circulatory system, such as the pulmo- 
nary arteries and veins, or the chambers of the heart, al- 
though these are entirely inaccessible to the clinician. Such 
records have been produced systematically by von Basch, 
Moritz, and others by the aid of ingeniously constructed 
models of the circulation made by glass and rubber, and fit- 
ted with valves to imitate the actual conditions, but ner- 
vous and muscular control is lacking in these models and 
one feels sure that the reaction of such a model to the pro- 
duction of an obstruction or insufficiency of one of its 
valves must differ frequently in unsuspected ways from the 
reaction of the living animal with its wonderful adaptive 
mechanisms. Nevertheless, they are able to produce curves 
which show fairly well the mechanism of the various alter- 
ations. Rosenbach, Kornfeld, Bettelheim, Kauders, and 
several others have studied quite extensively some of these 
lesions experimentally produced in animals with their re- 
sults, and Klebs and others have constructed special in- 
struments to produce tears in the more inaccessible valves. 

During this course we were able to study various degrees 
of insufficiency and stenosis of each of the valves, recording 
before and after the production of the lesion the pulsation 
and pressures in different parts of the circulation. By 
methods which will be described elsewhere similar valvular 
lesions were produced without exposing the heart, and the 
animals kept for a time to determine the effect upon the 
heart, but in the experiments of the course it was found de- 


sirable to expose the circulatory apparatus so that students 


might directly observe the changes in the size of the heart 
and in the character of its contractions and further might 


listen to the murmurs by applying the bell of the stetho- 
scope directly to the wall of the heart and to the large 
blood-vessels. For this purpose a stethoscope was con- 
structed with a very small bell, by the aid of which mur- 
murs could be traced along the vessels and localized on var- 
ious points over the heart wall as will be described in a sep- 
arate paper. 

The nature of the alterations in the pulse could also be 
recorded by the use of a tambour attached to the leaden 
tube leading from the canula in an artery, this being neces- 
sary from the fact that the ordinary mercury manometer 
does not record exactly slight variations in the character of 
the pulse. 

The lesions were produced in various ways. Insufficiency 
of the valves was brought about by tearing them, either in 
the case of the aortic valves by the method of Rosenbach, 
which consists in inserting a blunt probe through the carot- 
id and rupturing the valve, or in the case of the mitral or 
tricuspid by the insertion of a blunt hook with inner cut- 
ting edge ... through the vein, or preferably through the 
auricular appendage, which could then be tied off after re- 
moval of the hook. It was found that such a hook was also 
very serviceable instead of the probe in tearing the aortic 
valves, for after being pushed through the base of a seg- 
ment it could then be turned toward the lumen and would 
cut the valve cleanly in its return. Stenosis of the arterial 
orifices was easily produced by the application of a screw 
clamp with one movable limb ... by means of which any 
degree of constriction could be brought about. In the case 
of the mitral and tricuspid orifices a clamp ... with the 
ends guarded with rubber tubes, could be applied and con- 
striction produced by means of the screw in the center. It 
was also found possible to attain almost the same result by 
passing a suture with a long curved needle through the 
heart about the mitral ring and drawing it tight, but this 
method is less easy. 

Aortic insufficiency was first studied and the remark- 
able maintenance of arterial blood pressure with peculiar 
collapsing pulse shown in a curve... A loud diastolic mur- 
mur could be heard over the heart and to some extent along 
the vessels. Even in the smaller arteries far from the heart a 
pistol-shot clap could be heard with the stethoscope. 

Aortic stenosis produced the effects upon arterial and 
venous pressure ... the line recording venous pressure 
showing but little change, while that from the pulmonary 
artery shows the gradual rise in pressure in the pulmonary 
circulation. A harsh thrill could be felt beyond the clamp 
by placing the finger upon the arch of the aorta and this 
was associated with a loud murmur best heard along the 
aortic arch. 

Stenosis of the pulmonary artery similarly produced . 
has a somewhat similar effect but brings about a much 
greater elevation of the general venous pressure. 

Mitral insufficiency was studied in detail and the phe- 
nomena associated with it are described in a separate 
paper. It was found easy to reach through the left auricular 
appendage and cut the valve with the knife hook . . . while 


'" manometers were connected with several parts of the circu- 


lation. Briefly it was found in these rapidly produced and 
excessive lesions that the arterial pressure sinks at once, 
while the pressure in the pulmonary circulation is affected 
by the addition of the regurgitant amount, by the diminu- 
tion in blood supply owing to the incomplete expulsion 
from the left ventricle, and by the communication of a 
more or less violent backward pulsation to the pulmonary 
stream of blood. It is necessary to take into account all of 
these factors in explaining the hypertrophy of the right 
ventricle. Since it is so rare to find an entirely uncomplicat- 
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ed mitral insufficiency in human beings and to observe its 
exact and unaided influence in producing cardiac hypertro- 
phies it has been thought interesting to tear the valves by a 
long knife hook ... introduced along the carotid and be- 
tween the aortic valves; on its return the hook catches and 
cuts the free edge of the mitral curtain, and a loud systolic 
murmur appears over the apex of the heart. The results of 
such experiments when the dogs are kept alive will be de- 
tailed in another paper. In most instances in which an ex- 
tensive lesion is produced the effects offer too great a strain 
for the heart, and dilatation with fibrillary twitchings and 
cessation of the heart beat result. In one case, however, 
while a curve was taken from innominate vein and femoral 
artery a mitral insufficiency was produced which proved to 
be so extensive that a break in compensation occurred, the 
arterial pressure sank to almost nothing, the heart became 
dilated, and with each beat there was seen a high pulsation 
in the innominate, due doubtless to relative insufficiency of 
the tricuspid. After stimulation the heart gathered 
strength, brought the arterial pressure back to normal, and 
withdrew from the distended veins the abnormal amount of 
blood gathered there. The excessive pulsation communicat- 
ed to the veins disappeared with the contraction of the 


~ right heart to its normal dimensions. In this experiment the 
- condition of broken compensation with recovery seemed 


. well imitated. 

Mitral stenosis was studied after its production by one 
of the methods mentioned above; the most satisfactory 
being the application of the screw clamp, which narrows 
the orifice without also producing insufficiency as the su- 
ture is apt to do. 

When canulas are inserted into left auricle, pulmonary 
artery, systemic vein, and systemic artery great elevation in 
pressure is recorded by those in the left auricle and pulmo- 
nary artery, while within the time occupied by these exper- 
iments at least no great change appeared in the systemic 
veins. The arterial pressure, however, drops markedly. The 
diminished circulation is in the systemic vessels while the 
overloaded circulation with stagnation of blood is found in 
the pulmonary vessels... 

Such in brief is an outline of the portion of this experi- 
mental course already carried out, a course experimental in 
two senses and definitely settled only in so far as the con- 
viction is firm in our minds that the study and teaching by 
experimental methods of the pathology of function is a 
broad and promising field as yet by no means exhausted. 
Already in this new laboratory the detailed study of one or 
two of the conditions has been carried out with a view to 
the better comprehension of the resultant changes in func- 
tion, and these will shortly be published. The aim of the 
course will be accomplished if it helps to stimulate the 
more minute study of the behavior of living pathological 
organs, in addition to the long-accustomed anatomical 
study of the dead organ. 


Comment on MacCallum's Paper 


MacCallum opens his essay by pointing out the 
well known tendency of courses in pathology to be- 
come limited to morbid anatomy and to be presented 
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in the form of lectures supplemented by autopsies. É 
Such courses would be museums of end products . 
rather than exhibitions of processes. The difference . 


would be analogous to the difference between a por- 


trait gallery and an opera house. 
Ordinarily the student would have no way of sup- 


planting a static concept by a dynamic concept until 
the later years of his schooling, when he reached the - 


hospital wards. “Then, it is true,” says MacCallum, 


“he directly observes the altered functions of dis-. 


eased organs but, as it were, at a distance. He may © 
not apply other than clinical methods to these pa- 


9? 


tients . 


To counterbalance these and other pedagogic defi- | 


ciencies, MacCallum resolved to institute instruction 


in pathologic physiology in which lesions would be. 
produced experimentally and the consequences . 
would be observed. At the same time the student | 
could scrutinize, by the conventional methods of . 
gross and microscopic anatomy, examples of the le- | 


sions in all their stages and varieties. 


A 


Em 


It was quickly recognized that sufficient time — 
would not be available to cover more than a small © 


part of the subject in any 1 year. The first year of the 
new course was therefore limited to the experimental 
pathology of the circulatory system. 


The lectures of Cohnheim, some of which were dis- — 


cussed in previous issues of this Journal,” served as 


model and guide. Hydropericardium was induced by | 


the simple infusion of fluid under pressure. Lesions 
of the valves were created by means of metallic tools 
introduced into the heart by way of the great vessels. 
The experimental animals were connected to kymo- 
graphs. Tracings appear in MacCallum's article but 
have been omitted from the preceding excerpts. 


MacCallum does not neglect to mention that simi- 


lar procedures had been used—for physiologic and 
not for pedagogic purposes—by Rosenbach, Korn- 
feld, Klebs and Bettelheim and Kauders. All of these 
authors are represented in earlier articles in the pres- 


ent historical series.” Throughout the discussion — 


the reader can discern the influence of the great ge- 
nius of experimental pathology, Julius Cohnheim. 

One additional comment must not be omitted. 
MacCallum's paper is a clear refutation to those who 
constantly censure pathology as if it contained noth- 
ing more than morbid anatomy. The detractors con- 
tinue to ignore the facts. 
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- SYMPOSIUM IN HONOR OF EDGAR HULL 


- Introduction 


__A symposium on cardiology was held in Shreveport, 


_ Louisiana on May 11, 1973 to honor, on the occasion 
of his retirement, a distinguished physician and 
- teacher—Edgar Hull, MD, FACC. Participants in 
that symposium presented the papers now published 


here in tribute to a long-time friend and colleague 
who has made a significant contribution to medicine, 


_ locally, nationally and internationally. 


Dr. Hull earned his doctorate in medicine at Tu- 


— lane University in 1927. His academic career began 


when, 4 years later, he joined the newly forming fac- 
 ulty at the Louisiana State University School of 
_ Medicine in New Orleans as one of its original mem- 


bers. From instructor, he rose rapidly through the as- 


 sistant and associate professorial ranks, becoming 
— professor of medicine in 1939. His capabilities were 
-. recognized, and he became head of the Department 


of Medicine and associate dean of the New Orleans 
school, positions he held until 1966. In 1966, he was 
appointed dean of the School of Medicine in Shreve- 


- port, Louisiana. From then until his retirement, Dr. 
Hull provided the vital leadership for the develop- 


ment of this school from which the first class of phy- 


; sicians has just now graduated. 


GEORGE R. MENEELY, MD, FACC, Guest Editor 


Dean Hull’s career has been heavy with honors. 
Among them are election to Alpha Omega Alpha, 
election to Master of the American College of Physi- 
cians, recipient of the Distinguished Service Award 
from the Southern Medical Association in 1973 and 
honor for meritorious service from the American 
Heart Association in 1964. 

He served as president of the Orleans Parish Medi- 
cal Society in 1955, president of the New Orleans 
Graduate Medical Assembly in 1951-1952 and in the 
American College of Cardiology he served as trustee 
from 1960-1967 and vice-president from 1966-1967. 
He has published a variety of scholarly works, some 
64 of substantial dimensions as books or major pa- 
pers. These have covered the widest variety of 
subjects, but always closest to his heart has been the 
heart. 


GEORGE R. MENEELY, MD, FACC 

Department of Physiology and Biophysics 

Louisiana State University School of Medicine in Shreveport 
P.O. Box 3932 

Shreveport, Louisiana 71130 
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The deleterious effect of lack of blood supply or of oxygen on capillar- 
ies in general is well known. In the studies reviewed in this paper, the 
results of the earlier work of others on the effect of temporary myocar- 
dial ischemia are confirmed and extended. The vulnerability of the 
myocardial capillaries to ischemic, asphyxic and anoxic insult is dem- 
onstrated. Evidence is cited to suggest that this vulnerability occurs 
because the heart is a continuously working muscle, highly sensitive to 
ischemia, asphyxia and anoxia. 


In August 1941 I reported for duty to Edgar Hull, professor and head 
of the Department of Medicine of the Louisiana State University . 
School of Medicine in New Orleans, for my first full-time faculty ap- 
pointment. Thus began an association that has continued in various 
ways to the present time. Among other members of that department 
were the late Robert H. Bayley and John S. LaDue. It is not surpris- 
ing that cardiology, clinical and experimental, was of major interest 
to us all through those years. 

In 1943, I moved to Vanderbilt University School of Medicine in 
Nashville, Tennessee and became director of the Heart Station there. 
Four medical students, Mildred Stahlman, Fred R. McCrea, Luther 
E. Smith and Henley J. Smith, Jr., approached me to provide an elec- 
tive research project. Further exploration of the LaDue-Bayley heart 
preparation? seemed a worthwhile topic. Thus began a series of 
studies that extended over many years and have never been summa- 
rized in one place?-* Since these researches originated in Edgar 
Hull’s Department of Medicine, this Symposium in his honor seems a 
fitting place to gather together the highlights of these observations. 

Many others participated in these studies and concurrent related 
clinical investigations, some as students, some as residents or re- 
search fellows, some as fellow faculty members: E. Buist Wells, Al- 
bert Segaloft, Bernard M. Kalstone, J. L. Spencer, Janet M. Lemley 
(-Stone), Robert G. Gale, Robert H. Furman, Ira T. Johnson, Jr., Con 
O. T. Ball, Tom F. Parrish, Ned D. Rodes, A. M. Dale, Sam E. Ste- 
phenson, Jr., H. L. Glass, Ross C. Kory, O. Morse Kochtitsky, the late 
Paul F. Hahn, Gene Qualls, J. S. Anderson, L. L. Hibbett, J. E. 
McCarty, E. R. Young, Frank Gollan, Joseph M. Merrill, James T. 
Grace, R. King Cole, F. M. Bauer, J. R. Wilson, H. N. Meiers, Clifton 
K. Meador and doubtless some others whose names now escape me. 
These 34 (at least) thus vicariously contribute with us to signalize 
Edgar Hull’s persistent inquiry into the human heart as clinician, 
teacher, scholar and friend of people. 

The clinical episode of myocardial infarction is usually dramatic 
and always threatens the life of the patient. The clinical manifesta- 
tions are well known. However, physicians have been puzzled for 
many years by the existence of fresh myocardial lesions of the charac- 
ter of myocardial infarction occurring in hearts without recent coro- 
nary artery occlusion. Some reports indicate an autopsy incidence of 
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his finding as high as 25 percent in patients who 
1ave died of infarction. We have only begun to un- 
lerstand the underlying pathologic physiology. The 
original concept that myocardial infarction could re- 
uult only from. permanent coronary occlusion has 
jeen thoroughly shaken, and experimental work has 
jroved that temporary ischemia may produce myo- 
'ardial lesions.?-!5 The first clear light shed on this 
jerplexing question was the work of Tennant et al.!^ 
lemonstrating permanent myocardial lesions after 
xperimental temporary coronary artery occlusion. 
thers have since elaborated upon these effects, par- 
icularly Blumgart et al.,! who have summarized the 
idence that myocardial infarction may occur with- 
xat permanent coronary occlusion. 

The purpose of this paper is to review a series of 
xperiments that demonstrate that vulnerability of 
nyocardial, capillaries to ischemic, asphyxic and an- 
xie insult plays a major role in the genesis of irre- 
rersible myoeardial lesions. 


Open Chest Dog Experiments: Temporary 
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FIGURE 1. Direct pericardial leads in 
a LaDue-Bayley dog preparation. The 
tracings between the first and second © 
arrows were taken during a 30 min- 
ute period of occlusion of a coronary 
artery irrigating the area under the 
exploring eiectrode. The changes are 
for the most part variations of the . 
pattern of ischemic injury although 
one period of transient ventricular fi- 
brilation is seen. At the second. 
arrow, after 30 minutes of occlusion,. 
the artery was allowed to reopen. - 
Gradually, over the ensuing 90 min- - 


dial infarction is seen. Electrical evi- 
dence of muscle death thus devel- 
oped despite reestablishment of the 
circulation. 


thus alter the circulation to the myocardium by di- 
rect experimental approach and yet preserve the 
heart in its essentially intact pericardial sac. The lat- 
ter is of great importance in relation to the interpre- 
tation of electrocardiograms for reasons detailed in 
our original presentations. 

In our experiments when a large coronary artery 
was occluded for as short a time as 30 minutes, the 
characteristic electrocardiographic pattern of myo- 
cardial infarction? sometimes developed within an 
hour or so after release and reopening of the artery. 
This pattern, in unipolar derivations directly over the 
lesion, consisted of an inverted cove-shaped T wave 
denoting a zone of ischemia, a marked elevation of 
the S-T segment denoting a steady current of injury 
and an initial downward deflection or Q wave indi- 
cating an area of electrically inert (dead) muscle? 
Such an experiment is illustrated in Figure L Al- > 
though the pattern during the period of ischemia, be-. 
ginning at the first arrow, shows a variety of inter- 


esting alterations including one transient period of > 


ventricular fibrillation, the most prominent feature- 


during that period was the ischemia-i -injury pattern of | 


altered T waves and displaced S-T segments. How- 


ever, during the 90 minute period after release of the : zu 


artery, there were progressive QRS. changes. chara 
by the eve opn ient. of a deepening initial d 
y the end of 90. minute. period. the fu 
was clearly seen. 
nd of this experiment, 











utes, a Q wave develops, until atthe — ; 
end, the fuil-blown pattern of myocar- ~~. 
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riking and will be described later. 

series of 31 technically adequate experiments 
showed such permanent changes. It is possible 
e 25 dogs without such changes had sufficient 
eral circulation to protect the area usually irri- 
“by the occluded artery. The morphologic fea- 
s of these lesions were those of hemorrhagic in- 
ct, but the arteries reopened upon release of the 
gature in virtually all instances. We have seen a 
mbus at the site of occlusion on only one occa- 
in hundreds of dogs subjected to temporary cor- 
nary artery occlusion. This one instance was ex- 
nely interesting. The thrombus had propagated 
elf in a retrograde manner up the branch of the left 
nterior descending artery, up that artery itself and 
ut around the circumflex artery and down some of 
_ dts branches. Although retrograde propagation of 
thrombus was seen only once in hundreds of experi- 
ences with experimental coronary artery occlusion, it 
must be noted that, if something does happen once, it 
v can happen. That such a mechanism may play a role 
in the genesis of some episodes of human myocardial 
< infarction is suggested later in this report. 

_... The studies just described were essentially confir- 
. matory of those cited earlier.!^-!? The only new evi- 
.*vdence concerned the rapidity with which permanent 
-: lesions with electrical evidence of muscle death could 
, occur. 






























“Colloidal Dye Injection Studies During Coronary 
Ligation 


“The next phase of this investigation resulted from 

= a chance observation. James Dawson made the lucid 
suggestion that areas of injury in the myocardium 
.. might be outlined with colloidal dyes. Trypan blue, 
| an ‘electronegative colloidal dye, was used since it 
. mately proved Docs ble to dE and is de- 
< geribed later but, by accident, the first experiment 
ave valuable though unexpected results. The dissec- 
ion of the artery was inadequate and it proved nec- 
sary to ligate it permanently. Nevertheless, trypan 
lue in an appropriate dilution was injected. At this 
ioment the respiratory pump failed and, for the 
nsuing hour or so, the dog was subjected to various 
egrees of asphyxia. Finally, ventricular fibrillation 
irred and the. experiment was terminated. Exami- 






















an intense blue except in the area irriga 
he artery that had inadv vertently. been. liga x 
- Figure 2 shows such a hea 











on of the heart in situ showed a tremendously di- - 
„organ that upon removal proved extremely 
triking finding was that the myocardium & 
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FIGURE 2. Heart of a dog with a branch of the anterior t 

branch of the left coronary artery occluded. This dog 

blue intravenously and was subjected to prolonged a: 
sulted in diffuse permeability of myocardial capil 

by accumulation of trypan blue everywhere except 

gated by the occluded artery (A). = 





















laries throughout the ventricles had Taconie freely : 
permeable to the colloidal dye, and it : accumulated i mo 
relatively high concentration everywhere ex ept 
the area irrigated by the ligated artery. From furt 
experiments it became apparent that. asphyxia 
could not produce such severe degrees of diffuse 
illary permeability. To duplicate the severe grades. 
diffuse permeability seen in this experiment it is nec 
essary to add another insult, that is, to ligate an ar: 
tery. The problem is further complicated by anoxia | 
resulting from Nembutal®-induced anesthesia. Arte- | 
rial oxygen saturation levels were found by measure- 
ment to be approximately 80 percent, sometimes as — 
low as 50 percent, as a result of anesthesia: alone. 
Control experiments therefore required that the dogs 
be ventilated artificially to avoid effects of anoxia on | 
the heart. From these observations, it seemed possi- 
ble to conclude that a sufficient insult to the heart - 
was capable of causing diffuse permeability. of myo- 5 
cardial capillaries. "i 
Further exploration of the effects of. aaphivicks alone . 
were made and will be described later, but effort was — 
continued to outline, with colloidal dyes, local areas- 
of capillary permeability in regions made temporarily : 
ischemic. This was difficult to do. Tie blood.m E 
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oronary artery occiusion can result in local 
rmeability as demonstrated by accumulation 
a irrigated by the temporarily occluded artery 











bracketed). 


"IGURE 4. In this heart, intermittent décision obs a coronary artery 
esulted in capillary injury in the area irrigated by this artery (zone 
narked A), as evidenced by accumulation of trypan blue. 









rea of blueing of the myocardium, were more exten- 
ive. subendocardially than subepicardially. Micro- 
icopically, trypan blue was not seen since it had been 
vashed out, but edema was present and slight hemor- 
hagic alteration as well. Figure 3 shows such a re- 
ion. The local infi I ration of trypan blue was readily 
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persa for. ome > 10 0 pel: 
thus. produced is 
shown in Figure 4. There is a striking distribution of. 
the blue dye about the base of the pops muscles 
seen in this cross section. d 

Ventricular fibrillation was trou blesonie since dt 
destroyed so many attempted experiments. A 
standardized procedure was developed to study the 
incidence of fibrillation during local ischemia as com- 
pared with the period immediately after temporary. 
ischemia. During a 30 minute period of ischemia of. 
the area irrigated by the entire anterior descending 
coronary artery 20 percent of the dogs had ventricu- 
lar fibrillation, although occasionally a heart reverted 
to a normal rhythm. In contrast, upon release of the 
ischemia, fully 75 percent of the survivors manifested 
ventricular fibrillation, which was persistent in a high 
proportion. This observation seemed to indicate that 
the period of ischemia is perhaps less dangerous to 
life than the period immediately following the return 
of blood to the ischemic area. This procedure has . 
been developed into a technique for evaluating antifi- 
brillating drugs but since such findings, fully re- 
ported elsewhere,!^ are not germane to the present 
thesis, they will not be reviewed here. 





Myocardial Infarcts Caused by Asphyxia 


The next phase of this investigation turned again. 
to asphyxia. Repeated efforts failed to produce severe 
diffuse myocardial capillary permeability by this 
means alone, as mentioned earlier. Slight to moder- 
ate diffuse capillary permeability to colloidal dyes 
can readily be produced by moderate asphyxia for 3 

5 hours and such permeability can be demon- 
strated also with other colloids. However, 4 of a group 


FIGURE 5. Hearts from two dogs. 
treated identically except that one 
(left) was subjected to severe as- 
phyxia for 3 hours, whereas the lungs 
of the control (right) were well venti- 
lated. The myocardium of the heart .- 
with asphyxia is duskier than that of 
the contro! heart, indicating moderate 
. diffuse myocardial. capillary injury due 
. to asphyxia. This is not the most im- 
a lesion. in the hear: (See Fig. 

9. 


+ 














i ut the lesions. in Somewhat smaller ail 
| ae was visible, It i is id A M hea to re- 









s Lin 
red of its blood Souls 
‘he hearts shown in Figure 5 were taken from dogs 
eated in an identical manner in all respects but one. 
Each dog received equal doses per body weight of 
rypan blue. These two experiments were conducted 
imultaneously on adjacent tables. The treated dog 
_ was subjected to a considerable period of asphyxia; 
_ the other was protected from it by adequate ventila- 
. tion. The heart of the treated dog did show slight dif- 
- fuse blueing of the myocardium, but of a lesser inten- 
_ sity than that illustrated in Figure 2. There is little 
' difficulty in recognizing the dusky appearance of the 
myocardium of the asphyxiated dog's heart as com- 
- pared with that of the control heart, but this was by 
: no means the most interesting lesion observed in this 
animal. The anterior aspect of the left ventricle (Fig. 
6a) exhibited a large area which, on inspection, 
seemed to be a subepicardial ecchymosis. But upon 
cut section (Fig. 6b), a lesion was seen that passed 
virtually transmurally. For the record, the heart was 
- sutured back together again in order to photograph 
the orientation of this lesion. In the cross-sectional 
. view shown in Figure 6b, the extent and depth of the 
lesion are readily visible, and the region of excessive 
permeability to trypan blue is considerably larger 
than a more centrally located hemorrhagic area. In 
Figure 7 the bruise-like area in the mid-portion of the 
free wall of the left ventricle from another of these 
four dogs 1s also a site of an almost transmural lesion 
of the same character as that previously illustrated. 
~ « The coronary arteries in these asphyxiated dogs 
. were entirely normal upon postmortem examination. 
_It thus appears that asphyxia alone not only can 
* cause a diffuse injury to the myocardial capillaries, 
but also at times can result in a sharply localized le- 
„sion. It may well be that this observation has imme- 
- diate clinical implications. Clinicians have been ac- 
“ €ustomed to the association between myocardial in- 
.. farction and pulmonary edema, usually believing that 
«the patient underwent an episode of myocardial in- 
- farction and that, as a result of acute weakness of the 












- curred. From these. experiments, it seems preemi- 
: nently likely that the reverse may sometimes be the 
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FIGURE 6. The heart with asphyxia shown in Figure 5. a, the anter 
or aspect revealed a dark hemorrhagic area (A). b, upon ‘Gut ‘sec 
tion, the area bracketed reveaied a lesion that was virtually transmi 


ral. it was charactedzed by a large zone of deep staining with tryp 
blue and a less extensive central zone of hemorrhagic change. This 
lesion had the morphologic features of fresh hemorrhagic infarct al- 
though the arteries were entirely normal and were not disturbed... 


FIGURE 7. Another heart subjected to asphyxia alone. A large lesion. 
- developed in the mid-portion of tie free wall of the left ventricle: {A 
that was virtually transmural upon cut section. 
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case. A person subject to coronary artery disease may 
have pulmonary edema for the same reason anyone 
else with disease predominantly affecting the left 
ventricle undergoes such attacks, and then, in the 
course of the intense suffocation to which he is 
subjected, a myocardial lesion with the morphologic 
features of an infarct might occur as a result rather 
than as a cause of this attack of pulmonary edema. It 
seems probable that in patients with coronary artery 
sclerosis, suffocation of the type that occurs with par- 
oxysms of nocturnal dyspnea, cardiac asthma or pul- 
monary edema might well occasion the development 
of an *'infarct" in the heart. This alteration would be 
more likely to occur in the presence of partially oc- 
cluded arteries than in normal hearts such as those of 
our dogs. 


FIGURE 8. Myocardium from the hearts of dogs subjected to an- 
oxia. A, protein-containing edema fluid is seen. B, section show- 
ing a further degree of capillary deterioration. C, section showing 
complete capillary dissolution. A, B and C illustrate a spectrum of 
severity of lesions, from the least severe (A) to the most severe 


Effects of anoxia alone: Suffocation is a complex 
process, involving anoxic anoxia, hypercapnia, pe- 
ripheral arteriolar constriction, increased blood pres- 
sure with sharply reduced pulse pressure, coronary 
vasodilatation and, doubtless, less well understood 
neural and humoral mechanisms. To fractionate the 
effects of asphyxia, anoxia alone was induced.’ Forty 
dogs breathed 7 percent oxygen in nitrogen for peri- 
ods usually of 3 to 4 hours’ duration. Some received 
trypan blue while others did not. In 16 of the 40, 
myocardial lesions were visible on gross inspection. 
These lesions were different from those seen after as- 
phyxia. They were smaller, often multiple and dif- 
fusely scattered. Large discrete lesions of the charac- 
ter seen quite frequently with asphyxia did not occur. 
Rather, the lesions tended to be patchy in distribu- 
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tion. On microscopic examination they exhibited a 
graded series of alterations ranging from mere 
edema, through protein-containing edema to slight 
and then to gross hemorrhagic change. Muscle fiber 
nuclear changes were sometimes seen as was coagula- 
tive necrosis. Animals receiving trypan blue had a 
higher rate of lesions but this may have been because 
the dye makes the lesions easier to find. These 
changes are seen in Figure 8. Figure 8A shows edema 
alone, Figure 8B edema and slight hemorrhage and 
Figure 8C a frank area of hemorrhagic capillary dis- 
solution. Edema alone is difficult to evaluate in mi- 
croscopic sections because of the possibility of 
shrinkage during processing. Therefore, a series of 
rats were subjected to severe anoxia by simulated 
high altitude. Their hearts appeared edematous on 
gross inspection. In 18 anoxic rats, the sodium space 
of the heart measured by the technique of Mannery 
and Bale?! was 30 percent greater than that of 11 
control rats.!! This further evidenced the effect of 
anoxia upon myocardial capillary permeability. 


Ischemia in Working Muscle 


By this stage of the investigation there was con- 
vincing evidence that lesions in the heart resulting 


CAPILLARY FACTOR IN MYOCARDIAL INFARCTION-— MENEEL Y 


from temporary ischemia, asphyxia or anoxia came 
about through injury to the capillaries, but there was 
no clue to the mechanism of this injury. Next, paired 
hind limb muscles in the dog were studied. Each was 
rhythmically stimulated at a rate of 60/min. Then the 
artery to one limb was occluded. Trypan blue was ad- 
ministered intravenously just before release of the 
occlusion. It was evident that working ischemic skele- 
tal muscle became a site of altered capillary perme- 
ability since, unlike the working nonischemic muscle, 
it turned intensely blue. This finding suggested that 
the sensitivity of the myocardial capillaries to isch- 
emic, anoxic and asphyxic insult depended upon the 
fact that they were in a muscle compelled to work in 
the face of oxygen lack. | 

The accumulated evidence indicates that capillarv 
injury comes about by degrees. Lowry et al.!? showed 
that brief periods of ischemia lead to escape of water 
and salt from myocardial capillaries. As noted earlier, 
more prolonged insult results in permeability to col- 
10ids such as dyes and protein and still more pro- 
longed insult results in complete disorganization of 
the capillaries so that they cannot even retain red 
blood cells. Variability from dog to dog is probably 
attributable to variability in the state of the collater- 
al vessels. 17-18 
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It is necessary to examine lipid abnormalities at a macromolecular 
level, with emphasis on the transport lipoproteins rather than on cho- 
lesterol and triglyceride values alone. Methods for determining serum 
lipoproteins, which can be adapted for a small laboratory, are now 
available and are recommended for general clinical use. It is becoming 
increasingly apparent that the process of atherosclerosis has a long 
natural history that begins in childhood, and that it is now possible to 
study children for potential risk. 


It is important to appreciate that significant atherosclerosis is ex- 
pected to develop in 90 percent, or perhaps more, of the American 
population. Although there are cortroversies about the methods of 
preventing this disease, recent observations in three related areas 
have contributed to our understanding of the problem and will have 
an impact on its prevention. 

First, the significance of the so-called risk factors has been clearly 
established by several excellent epidemiologic studies.?^-^ These risk 
factors are predictive and can be attacked at the clinical level. More 
recently risk factors have been considered a continuum in the patho- 
genesis of the disease,? but few prospective data are available to dem- 
onstrate clearly the effect that correction of these factors will have on 
the natural course of the disease. 

Second, the early onset of this disease has been recognized. 
Through the work of Holman and McGill and Strong" and their co- 
workers, the anatomic changes of blood vessels in early life have been 
studied. The impressive prevalence rate of coronary artery disease in 
young men in the Korean War has further substantiated the early 
onset of the disease.? 

Third, there has been increasing interest in the role of serum lipo- 
proteins. Gofman et al.,!° with the use of ultracentrifugal studies, at- 
tempted to relate abnormalities of serum lipoproteins to the high in- 
cidence of atherosclerosis. More recently, Fredrickson et al.,!! with 
improved methods, grouped lipoprotein abnormalities and related 
them to genetic and metabolic defects of the lipid transport macro- 
molecules. Genetic abnormalities of lipoproteins are found in 5 to 6 
percent of the population. Abnormalities grouped according to desig- 
nated levels of elevation, are found in only a slightly higher percent- 
age,!? yet significant atherosclerosis occurs in almost all Americans 
over the age of 30 years.! The introduction of techniques to study 
serum lipoproteins for routine clinical purposes will contribute to a 
better understanding of the lipoproteins and their role in atheroscle- 
rosis. One method has been developed in our laboratory and applied 
to several clinical conditions.!?-7^ 


Method for Quantitating Serum Lipoproteins 


Our method for quantitating serum lipoproteins is adaptable for 
use by small laboratories as an adjunct to the clinical study of serum 
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As bound in siete 1 ‘the addition of correct propor- 
-tions of water, calcium and heparin to serum pro- 
duces a level of turbidity (referred to as an index) 
that correlates closely with the amount of cholesterol 
)resent in the beta and pre-beta lipoproteins and re- 
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Relationship Between 8 ond Pre B -Lipoproteins in Normals" and in Different Diseases - 
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FIGURE 2. Relation between. beta and pre-beta lipoproteins in apparently normal persons and patients with disease. As indicated for the normal ` 
subjects, arbitrary serum levels were selected around the means for the group. A small number of observations are shown for several disease. 
states. Mixed hyperlipoproteinemia was observed in diabetic patients particularly. 
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RISK. FACTORS 


e FIGURE 3 (top). Denipariaan of risk factors in subjects | 
with high and normat levels of serum lipoproteins and nor- 
. mal and abnormal coronary arteriograms. High lipid levels, | 
.. diabetes and smoking were found more a frequen in pa-. 
+ tients with abnormal vessels. i 


“FIGURE 4 (right). Serum beta and pre-beta lipoprotein 


- levels in patients with angina, grouped according to nor- 
mal, borderline and. abnormal coronary arteriograms and . 


presence of a previous myocardial infarction. The latter 
two groups had a relatively higher proportion of patients 


with increased beta and pre-beta fipopfotains. 
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Normal coronary angiograms (n = 35) 
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ipoprotein abnormalities, and the distributions can 
0 pared with types 2A, 2B and 4 hyperlipopro- 


d frequent abnormality in the “healthy” 


, resembling values of type 2B. The abnor- 
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fication of diet, exercise or the use of clofi- 


m Lipoprotein Studies i in Patients. nu Angina 
iet -Pectoris 


Studies were conducted i in 93 patients ssh the di- 
ignosis of angina pectoris undergoing coronary arte- 
graphy. On the basis. of angiographic evidence of 
« coronary artery disease, the patients were divided 
- into three groups: those with normal vessels, border- 
"line cases, and those with definitely abnormal arte- 
ries. A fourth group of 23 patients with a previous 
myocardial infarction was also identified. All of the 
„angiographic studies were interpreted by Dr. Francis 
A. Puyau, Department of Radiology, and Dr. Michael 
‘Turner, Department of Medicine, Louisiana State 
University. Sera were obtained from fasting patients 
and observed for total serum cholesterol, “triglycer- 
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pulation appears to be a mixed hyperlipopro- | . abnormal. coronary angiograms or preexisting inf: 
E ee ir 
tribution of serum lipoprotein concentrations . e. | 
for this group in Figure 2 has both diagnostic © 
'apeutic implications. For example, persons | 
ues in the upper quadrants should be studied | 
for the presence of diabetes mellitus or for. 


ve carbohydrate intake. These patients are - 


lipoprotein - patterns with weight. reduction, 
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AGE GROUPS (YEARS) 
FIGURE 6. Serum lipid profiles in children aged 3 to 16 years. Marked individual variability for each of the different assays was observed. 
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close association of elevated beta lipoprotein lev 
and the increased risk of coronary artery disease has 
already been emphasized.!'!8 Also evident from |. 
these studies is the high percentage of women in the | 
series with angina and normal angiograms, a finding | 
others?92! have noted. Seven of 23 women in our se- - 
ries were found to have borderline or abnormal an- 
giograms. VERRE 








Studies of Serum Lipoproteins i in Children - 


There has been considerable interest in the. early - 
onset of atherosclerosis as part of the natural history | 
of the disease, but only recently have we begun clini- | 
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SERUM £ AND PRE £ LIPOPROTEIN 
DISTRIBUTION IN CHILDREN 
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TABLE I 


Comparison of a Ratio of Alpha Lipoprotein to Other Serum 
Lipoproteinsin Children and Adults 


Alpha/ 
Alpha/ Pre- 
Pre- X Alpha/ beta 
beta Beta plus Beta 


Children (333) 8.90 2.30 1.80 
Medical students (67) 2.60 ..1.10;^ 0.79 
Adults (201) 3.0 115 0.84 


Patients with angina pectoris (93) 1.92 0.80 0.57 
Patients with diabetes mellitus (78) 0.40 0.28 0.16 


The ratios are calculated from the mean values of alpha, beta 


and pre-beta lipoproteins, obtained for each group of subjects. 


Figuresin parentheses indicate number of subjects. 


cal studies of risk factors in children.?? The following 
data on serum lipoproteins were obtained in children 
aged 3 to 16 years. These studies were conducted in 
333 children largely from outpatient clinics at Chari- 
ty Hospital in New Orleans and included assessment 
of total cholesterol, triglycerides, lipoprotein choles- 
terol, and beta plus pre-beta lipoprotein cholesterol, 
agarose gel electrophoretic studies of lipoproteins 
and quantitative determinations of beta, pre-beta 
and alpha lipoproteins. 

Comparison with adults: The variable electro- 
phoretic patterns of the serum lipoproteins in chil- 
dren were essentially similar to those observed in 
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FIGURE 7. Scattergrams relating beta and 
pre-beta lipoproteins in 333 boys and girls, 
aged 3 to 16 years. The broken lines show 
mean levels for adults, and the solid lines 
mean levels for the group of children. Al- 
j though total serum cholesterol levels in the 
children are similar to adult levels, the differ- 
ence in distribution of serum cholesterol in 
children is reflected in somewhat lower lev- 
els of beta lipoproteins, much lower levels of 
pre-beta lipoproteins, and (not shown) higher 
ievels of alpha lipoproteins. (See Table l.) 


500 550 600 


adults, and occasionally double pre-beta bands were 
observed. As might be expected, there were marked 
individual variations in the different lipids measured 
(Fig. 6). Several findings are of interest. For example, 
the mean level of serum cholesterol (169 mg/100 ml) 
in children only 3 years old is already similar to that 
observed in medical students aged 23 to 25 years.!? 
Also, there is a suggestion of a slight increase in the 
serum cholesterol im girls aged 11 to 16 years, al- 
though, because of the marked individual variations 
and the small number of children studied, no signifi- 
cant age trends were noted. In contrast to findings in 
adults, the pre-beta lipoprotein levels of children are 
particularly low, whereas the alpha lipoprotein levels 
are considerably higher. Occasionally a high total 
serum cholesterol level is primarily due to the high 
level of alpha lipoprotein cholesterol. These studies 
indicate the need for detailed characterization of 
lipoprotein abnormalities. 

A relation of the beta lipoprotein and pre-beta 
lipoprotein levels is shown in Figure 7. The general 
distribution in the scattergram is similar to that ob- 
served in adults; however, mean values for an adult 
population and mean values for the children indicate 
a shift to lower levels for both beta lipoproteins, par- 
ticularly the pre-beta lipoproteins. These data 
suggest again that if the total serum cholesterol is 
similar to that found in adults, a considerable portion 
of the serum cholesterol occurs in alpha lipoproteins 
in children. Another point of interest is that even by 
adult standards some 15 percent of the children have 
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high values for one or both of the lipoproteins. The 
distribution in the scattergram suggests specific lipo- 
protein abnormalities, indicating that persons with 
values in the upper quadrants should be studied for 
carbohydrate intolerance or excessive carbohydrate 
intake. These observations also emphasize the need 
to characterize the metabolic abnormalities in as 
much detail as possible before instituting therapy. 
Comparison with adults with angina and dia- 
betes: Table I further illustrates the differences in 
the nature of lipoproteins in children and in patients 
with angina pectoris and with diabetes mellitus. The 


concentration levels of alpha lipoproteins and beta 
lipoproteins reveal an almost inverse relation. A tran- 
sition seems to occur in these levels from childhood 
through adulthood, which is exaggerated with diabe- 
tes and in angina pectoris. The reason for high alpha 
lipoprotein levels in children is unknown, but is pos- 
sibly associated with an increase in lipid-clearing ac- 
tivity. 
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Cardiac diastole usually is acoustically silent even though several he- 
modynamic events take place in this phase of the cardiac cycle. In 
some healthy subjects and in many patients with cardiovascular alter- 
ations one or more “‘extra’’ heart sounds may be heard in diastole, and 
in them the distinction between normal and abnormal heart-sounds 
must be established. In general, diastolic sounds may be spontaneous 
in nature or iatrogenic, that is, a consequence of replacement of the 
atrioventricular (A-V) valve with a caged-poppet prosthesis or a result 
of pervenous pacemaker implantation. The majority of the sounds em- 
anate from the chambers of the heart. This presentation discusses nor- 
mal and abnormal ventricular filling sounds, opening snap, ‘tumor 
plop," pericardial knock, prosthetic A-V valve click and pacemaker- 
induced sound. 


The second heart sound marks the beginning and the first sound the 
end of diastole, the longest interval in the cardiac cycle at normal or 
slow rates. Several important passive and active hemodynamic events 
take place during diastole. Yet this phase of the cardiac cycle is usu- 
ally silent on auscultation. 

In some healthy persons and in many patients with cardiovascular 
disease, one or more “extra” sounds may be heard in diastole. The 
distinction between normal and abnormal heart sounds is not always 
simple to establish, and their precise interpretation and clinical sig- 
nificance often have to be determined on the basis of “the company 
they keep," that is, on the basis of clinical correlates. But as will be 
seen later, in some subjects the mere presence of an “extra” sound in 
diastole is an abnormality and is indicative of underlying cardiovas- 
cular disease. 

The classification of diastolic sounds in Table I is the basis for this 
presentation. It will be noted that diastolic sounds may be spontane- 
ous in nature or ia£rogenic, that is, a result of surgical intervention. 
The sounds may arise either inside or outside of the heart. 


Spontaneous Sounds 
Ventricular Filling Sounds 


These diastolic sounds comprise the normal and abnormal third 
and fourth heart sounds as well as the so-called summation gallop, 
and are generally attributed to filling of the ventricles. They may 
originate in either ventricle or in both ventricles, depending on the 
anatomic location of the pathologic process responsible for them and 
the hemodynamic alterations present (Table II). Right-sided sounds 
are most frequently heard at the lower left sternal border or subxi- 
phoid area, whereas sounds heard at the cardiac apex are most often 
left-sided in origin. 

The effect of respiration may also be of assistance in establishing 
the site of origin of the ventricular filling sound.! For example, filling 
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TABLE | 


Classification of Diastolic Sounds 


l. Spontaneous 
A. Intracardiac (right- or left-sided) 
1. Ventricular filling sounds 
a. Normal: S; and S, 
b. Abnormal: ventricular and atrial diastolic 
gallops, summation gallop 
2. Opening snap 
a. Abnormal A-V valve 
b. Normal A-V valve 
3. “Tumor plop” 
B. Extracardiac? 
1. Pericardial knock 
Il. latrogenic 
A. Intracardiac (right- or left-sided) 
1. Prosthetic A-V valve 
B. Extracardiac 
1. Pacemaker-induced sound 


sounds appearing or becoming louder during inspira- 
tion tend to be right-sided. In contrast, expiration 
often results in augmentation of left-sided sounds. 

Acute transient alterations in circulatory dynamics 
caused by postural changes produce predictable re- 
sponses of ventricular filling sounds.'? Generally, 
momentary increases in venous return to the heart 
cause these sounds to become audible or louder, 
whereas a transient reduction in venous return has 
the opposite effect. In theory, alterations in the in- » 
tensity of filling sounds may occur as a result of 
changes in intracavitary pressure, ventricular filling 
or the amount of residual blood in the ventricle.” Ex- 
ercise—whether dynamic or static—and smoking can 
produce abnormal left-sided fourth heart sounds in 
the presence of ischemic heart disease.?-9 

As stated earlier, the distinction between normal 
and abnormal ventricular filling sounds is based pri- 
marily upon clinical grounds. Because the sounds are 
most often of low pitch and intensity, they may be 
missed at the bedside unless the bell of the stetho- 
scope is used and applied very lightly to the surface 
of the bare chest. 


Third Heart Sound 


The normal third heart sound (Ss) occurs in early 
diastole after the second sound (S2), and marks the 
conclusion of the ventricle's rapid filling phase. The 
sound must be differentiated from splitting of S5, an 
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FIGURE 1. Third heart sound. Left, third heart 
sound (3) in a normal man. Right, abnormal 
third heart sound in a middle-aged woman with 


chronic rheumatic mitral insufficiency. Both the Aa 
normal and abnormal third sounds coincide with EE SEES 
the conclusion of the rapid filling wave (F) ofthe H= =H 
apex cardiogram (ACG). 1 and 2 = first and ===s=== SES = 


second sounds; SM = apical systolic murmur. 
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TABLE Il 


Causes of Ventricular Filling Sounds 


|. Ventricular diastolic gallop 
A. Hemodynamic alterations 
1, Cardiac decompensation 
2. Volume overload (preload) 
a. Chronic valvular regurgitation 
b. Left to right shunts 
3. High cardiac output states 
a. Hyperthyroidism 
b. Anemia 
c. A-V fistulas 
d. Others 
Il. Atrial diastolic gallop 
A. "'Electrical'' causes 
1. A-V block: first, second and third degree 
2. Atrial flutter with 4:1 or higher grade A-V 
block 
3. ''Coarse"' atrial fibrillation with high grade 
A-V block 
B. Hemodynamic alterations 
1. Ventricular dysfunction 
a. Loss of myocardial compliance 
2. Systolic overload (afterload) 
a. Outflow tract obstruction: pulmonary, 
aortic 
b. Arterial hypertension: pulmonary, aortic 
3. High cardiac output states 
a. Hyperthyroidism 
b. Anemia 
c. Others 
4. Acute mitral insufficiency 





opening snap and a pericardial knock. It frequently is 
heard in healthy children and adolescents, becoming 
rare in adults over the age of 30 years (Fig. 1). its pre- 
sentation in older subjects is usually abnormal. 

The pathologic counterpart of S5 is the ventricular 
diastolic gallop. It may be as soft as Ss or inordinate- 
ly loud and associated with an outward pulsation of 
the chest wall coincident with S5 (Fig. 1). 

Hemodynamic alterations: Several cardiovascu- 
lar hemodynamic alterations are associated with the 
ventricular diastolic gallop (Table II). Most impor- 
tant among these is cardiac decompensation related 
to ventricular dysfunction, and a ventricular diastolic 
gallop may be the earliest manifestation of heart fail- 
ure.’ The majority of patients with this gallop exhibit 
abnormally high left atrial mean and left ventricular 
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g eni. diastolic pressure: and ir may have a reduced car- 


s diac output." The diagnosis of cardiac decompensa- 


- tion is. further strengthened if pulsus alternans i is also. 


* detected. K 

| In conditions lading to i volume over- 
- load of the ventricle (preload), a ventricular diastolic 
- gallop is almost always heard.? The sound reflects the 
increased early diastolic filling of the ventricle and 
does riot imply cardiac failure as such. It is most fre- 
quentiy:heard in moderately severe and severe chron- 
"ic mitral and aortic valve regurgitation and in large 
` left to right cardiac shunts. 

Finally, high cardiac output states, such as hyper- 
_ thyroidism, anemia and pregnancy, may also cause 
< ventrieular diastolic gallops in the absence of heart 
- disease.'? Unless cardiac disease complicates these 
. conditions, correction or control of the primary disor- 
- der results in disappearance of the gallop. 

^ Mechanism of production: The exact mechanism 
of production of S5 and its abnormal counterpart re- 
' mains controversial. One school of thought holds that 
-the sound is valvular in origin since it is absent in pa- 
tients whose mitral valve has been replaced with a 
»prosthesis after surgical removal of the leaflets, 
chordae tendineae and papillary muscles.!.!? By con- 
trast, ' “prosthetic: third heart sounds" have been re- 
i Ios in patients with a mitral Starr- Edwards ee 
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The atrial or fourth 
the presystolic. phase. 
cycle. It is a frequent. finding 
cents and also in subjects over 40 or 50 years of age 
with no known cardiovascular disease!^!9? (Fig. 2), 
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Heo: ofi its mae it may ee ond go. a split i 
Sı or Sı followed by an ejection click.!? | | 
]t is generally conceded that. Ba consists, of two 
components that. can be ; graphically recorded.? How-. 
ever, the first component, occurring simultaneously 
with atrial contraction, is inaudible. In contrast, the 
second component, due to ventricular distension sec- 


ondary to atrial systole, is audible. Factors affecting | 


the potential audibility of S4 on the surface of the. 
chest have been reviewed by Moscovitz and Wilder,” 
Luisada and Shah? and more recently by Rectra et 
al?! 

The atrial diastolic gallop is the pathologic coun- 


 terpart of S4. On occasion, it may be louder than the 


ordinary 54 and occur simultaneously with a promi- 
nent outward movement of the precordium in presys- 
tole that is palpable or visible, or both (Fig. 2). 

Factors necessary for S4: The presence of S4 or 
atrial diastolic gallop is primarily dependent upon 
three factors.** First is effective atrial contraction. 
Hence, no atrial sound is heard in atrial fibrillation or 
in junctional rhythms. In some patients, atrial sounds 
may be absent immediately after conversion of atrial 
fibrillation to normal sinus rhythm but may appear 
later as atrial function improves.?? 


Unimpeded blood flow from the atum to ihe ven- De m 


tricle is a second factor. Hence, in the presence of 
clinically significant mitral or tricuspid stenosis nei- 


ther a left- nor a right-sided atrial sound can occur. 
The third factor relates to reduced compliance ofthe. — 
ventricular musculature, resulting from either hyper- |. 
trophy, ischemia, fibrosis or infiltrative diseases of - ie 
the myocardium. The common denominator associ? 
ated with reduced compliance i is increased. ventricu- . E 








lar end-diastolic pressure? — 
Cardiovascular. alterations. associated with: abner. 


mal atrial 8C nds can be conveniently c divided. into 





> E is poc A- x block dial al dias olie g audible 


after nonconducted P waves. When complete A-V 
block is present, atrial sounds occur in systole as well 
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me anism of production. is unrelated to ventricular 
lling. 


flutter or atrial fibrillation; atrial sounds are most 
_ likely to be heard in these patients when high grade 
< A-V block is also present.?25-?? The sounds in these 
«two conditions are clicking or ticking in quality and 
~~ maximal at the base of the heart rather than at the 
apex. In the phonocardiogram, they appear as high 
frequency tones compared with the ordinary S4 and 
‘atrial diastolic gallop. These differences suggest a 
different mechanism of production for these sounds. 
In atrial flutter the clicking sounds occur synchro- 
^ nously with the flutter waves of the electrocardio- 
- gram. However, it has been noted that atrial systoles 
-occurring shortly after S9 were not audible but be- 
came increasingly louder as diastole progressed; the 
sounds were also audible and recorded during ven- 
tricular systole.?9-?9 These sounds tend to become in- 
-audible with treatment of cardiac failure and also 






^. when the ventricular rate is increased by cardiac pac- 
ing” Utilizing intracardiac phonocardiography, 
assumi et al.? demonstrated that the sounds heard | 








atrial flutter were produced within the right atri- 








.. resulted either from tension of the right atrial wall or 

























ime of atrial systole, and. were independent of ven- 
tricular filling. - : 
Mal sounds heard i in patients with rheumatic 


rapid downward movement of the thickened mitral 
ilve with each atrial depolarization.”6 In that sense, 





p gra x wis bs "Neporent?? i ina tg sounds 


coarse atrial fibrillation. The sounds occurred at a 
regular rate of slightly above 400/min. The atrial 
-sounds became inaudible in the same patient during 


“fine” atrial fibrillation. 


iastole, implying. that. in this ceumistenes the | 


i neca situation arises in patients with atrial 


atrial diastolic gallop has. been attri 


in atrium. The contrasting clini 
m only. This led them to conclude that the sounds | 


from. changes in tension of the tricuspid valve at the 
a P Opening. Snap 


E he. unae n may. ‘be: cone ol ‘opening 
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Hemodynamic causes: There are i 
modynamic causes for atrial diastolic ga yp. 8 196 
Ventricular dysfunction, in. the form of. ‘reduced 
compliance i in either ventricle, for whatever reason: 
is a factor frequently. responsible. for atrial gallop. | 
Therefore, the gallop.is heard in conditions such as 
ischemic heart. disease ànd primary and secondary a 
cardiomyopathy (Fig. 2). Systolic overload (after- - 
load) of either ventricle is often associated with atrial | 
gallop. This includes significant ventricular outflow | 
obstruction and arterial hypertension. Atrial diastolic | 
gallops may also be heard in patients exhibiting high 
cardiac output states!919 such as hyperthyroidism . 
and anemia, but are less common than ventricular di 
astolic gallops. E 

Another clinical situation in which a gallon: may be. 
audible deserves special mention. It has been empha- . 
sized recently that an atrial diastolic gallop isnot an’ 
auscultatory feature of chronic rheumatic mitral re- 
gurgitation, but that it is a frequent finding in pa- 
tients with acute nonrheumatic mitral regurgita- - 
tion.3? In the acute form of mitral regurgitation the 

buted to vigorous 

















contraction of the hypertroph e y : 
s of these two. 
y Ronan et 





disorders have been r recently 
ali = | 


Ventricular filling begi : that the A-V . 
valves open. Under norma s, the open- . 
ing of these valves is aco . In certain © 
pathologic. disorders, an und accom- | 

ies the openin: | is designated - 
ost frequently - 
ral or tricuspid ` 
hen the origin of — 











There 4 is evidence indicating: that an opening snap. 
may occur in the absence of organic disease of the _ 
A-V valves and that it may originate on either side of - 
the heart. It appears that normally mobile A-V . 
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. valves are capable of producing opening snaps “if ex- 
= eessive blood flow causes the valve to open with an 

increased velocity." ?6 Accordingly, mitral valve open- 
ing snaps have been recorded in pure mitral insuffi- 
ciency,?$9? patent ductus arteriosus,?? ventricular 
septal defect," left atrial myxoma (see “tumor 
plop”), tricuspid atresia,?7 thyrotoxicosis?’ and te- 


tralogy of Fallot after a Blalock- Taussig shunt.?? 


= Likewise, right-sided (tricuspid) opening snaps may 
. .be heard in some cases o? atrial septal defect,?9.49 Eb. 

= steins anomaly“! and right atrial myxoma (see 
o "tumor plop”). 

"Phe sound is high pitched and snapping in quality, 
heard best between the third and fourth left intercos- 
. tal spaces, halfway between the apex of the heart and 
. the sternal edge. However, it may be best heard at 
-the apex or over the entire precordium: In exception- 
~al cases it may be the loudest sound of the entire car- 
diac cycle. Uncommonly, it may be an isolated sound 
- (Fig. 3). More frequently, it ushers in the low pitched 
. diastolic rumble of mitral stenosis. 

^^ Relation to severity of. mitral stenosis: The 
. presence of an opening snap in mitral stenosis sig- 
nifies that the anteromedial leaflet of the mitral 
valve is mobile and relatively free of calcification?? 
and suggests that the valvular lesion is amenable to 
commissurotoms 
vorable sign. 
missurctomy, 
: sence of th 
several fact 
` tion of the mit 
 anteromedial I 
d scien 












"The t ti me Pea “be W the 
the second heart sound and the mitral opening snap 
(A-OS) may range from 0.03 to 0.15 second, and its 
duration has been used to assess the severity of mi- 
tral stenosis^!^ and, postoperatively, to assess the 
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that Sense, it is viewed as a fa- | 


, ing snap 


th b aórtic component of 


JRE 4. Perici rdial knock (K) in. a 
sp t with cor strictiva- pericarditis. 
be, Note that respiration has no effect on. 
the duration of the interval between 
i. the second sound (2) and the pericar- 
EN dial knock. (Courtesy of Dr. William P. 
WEE Nelson.) 


efficacy "1 Süfgery in relieving the stenosis. It is gen- 


erally accepted that in the absence of a snap the time 


interval can be measured from Ay to the O point of 
the apex cardiogram (A5-O).46.'The A.-OS interval 
varies inversely with the severity of the valvular ste- 


‘nosis. Hence, all other factors being equal, the longer 


the interval the milder the stenosis, and vice versa. 
However, Ebringer et al" have taken an opposing 
view. They believe that the A?-OS interval by itself 
is a poor indicator of severity of stenosis because this 
measurement. does not take into consideration other 
specific hemodynamic variables, such as left ventric- 
ular end-systolic pressure, rate of relaxation of the 
left ventricle, rate of decrease in left atrial pressure 
during diastole, compliance of the left ventricle, the 
length of the diastolic interval and cardiac output. 
Mechanism of production: The snap heard in mi- 
tral stenosis is attributed to opening of the mitral 
valve, and recent, cineangiographic and echocardi- 


graphic studies indicate that the sound occurs at the 


completion of mitral valve opening.*949? More recent- 
ly, Rodbard and Libanoff*? have presented contrast- 
ing evidence, which suggests that the snap occurs 
after the mitral valve is fully opened and consider- 
able atrioventricular flow has taken place. They pro- 
posed that the sound is generated "when powerful 
hydrodynamic | forces suddenly and momentarily 
close" the previously opened mitral valve. Aecording- | 
ly, they ha ve redesignated the sound the “mitral clos- 

’ This pro osal has a been Popece by 














r4 opening snap" im a 30 year ald man d who 
at operation was found to have a normal mitral valve 
and a “plum-sized myxoma” of the left atrium. Post- 
mortem examination confirmed that the mitral valve 
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FIGURE 5. latrogenic opening click 
(OS) in a patient with a Starr-Edwards 
mitral valve prosthesis. Bundle 
-branch block and atrial fibrillation 
re present. | 





aflets and chordae tendineae were normal; no histo- 
ogic evidence of a rheumatic process was found. The 
o-called opening snap occurred between 0.08 and 
10 second after the beginning of Sz. Opening snaps 
“were also reported by Pitt et al9* in two patients 





.. with left atrial myxoma. The sound was attributed by 


them to the “abrupt cessation of the tumor move- 
ment from left atrium to left ventricle in early dias- 
tole at the time the opening snap was recorded on the 
phonocardiogram . . . . after the mitral valve was seen 
to be fully open on the cineangiograms." 

Abbott et al59 in 1962 coined the term “tumor 
-plop" for the early diastolic sound that they recorded 
in several of their patients with left atrial myxoma. 
At the time of surgery in these patients, palpation of 
the heart suggested that “plopping” of the tumor 
against the left atrial wall occurred coincident with 
the early diastolic sound. Postoperatively, the sound 
... was absent in all of their cases. An alternative expla- 

nation offered by Pitt et al.54 was that the “tumor 


ee plop” resulted from sudden tension of the myxomal 


-stalk at the conclusion of the excursion of the tumor 
across the mitral valve into the left ventricle. 
The “tumor plop” is usually a low frequency 


= sound, occurring 0.08 to 0.12 second after the begin- 
. ning of the S», and is often difficult to distinguish 


~~ from an opening snap at the bedside, particularly 
- when other auscultatory findings of mitral stenosis 


. are present. Although “tumor plop” has been most 
frequently associated with left atrial myxoma, it also 


-- has been heard in some cases of myxoma of the right 
^e atrium.” 

Pericardial Knock 

This sound, first described over 100 years ago, was 


.. most frequently heard when therapeutic pneumotho- 


.. rax was used in the management of tuberculosis. It is 

— still considered a valuable clinical sign in the diagno- 
~~ gis of pericardial constriction.? 

The pericardial knock is an early diastolic sound, 


^ occurring 0.08 to 0.12 second after the beginning of 


the aortic component of S» (Fig. 4). Because of its 
close temporal relation to S», it may be mistaken for 
S, or a ventricular diastolic gallop, or confused with 
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the opening snap of mitral stenosis. The knock occu 
later than the opening snap and earlier than Sz ora 
ventricular diastolic gallop. | i 
Mechanism of production: The exact mode of. 
production of this sound is still unclear. Some believe 
it to be extracardiac in origin, whereas others believe’ 
the pericardial knock is actually a "modified ventric- 
ular gallop and not a truly different phenomenon."55. 
Although there is no unanimous agreement on ifs. 
genesis, it is generally agreed that the extra sound is: 
associated with rapid ventricular filling which is 
abruptly halted in early diastole.°? | 


latrogenically Induced Sounds 


Cardiac pacing and A-V valve replacement with 
prosthetic devices, such as the Starr-Edwards valve. 
and others, have introduced new auscultatory phe- 
nomena, namely, iatrogenically induced heart 
sounds. 


- Pacemaker-Induced Sounds 


Although pervenous intracardiac pacing of the 
right ventricle has been in widespread clinical use 
since 1958, it was not until 1965 that pacemaker-in- 
duced sounds were first reported. Several publica- 
tions here and abroad have confirmed the auscultato- 
ry observations initially made by Nager et al.9? The 
true incidence of the pacemaker-induced sound is not 
known, but it is clearly not a universal finding in pa- 
tients with pervenous intracardiac pacing. To my 
knowledge, no such sounds were reported when epi- 
cardial pacemakers were being used. 

The sound is high pitched, "clicking" in quality, 
and heard best at the mitral or tricuspid area. It is 
presystolic, preceding the first heart sound by 0.08 to 
0.12 second. Hence, it may be mistaken for a split Sı 
or S4. A visible or palpable (or both) presystolic pul- 
sation on the chest wall, occurring simultaneously 
with the pacemaker-induced sound, has been re- 
ported in some cases, and has been attributed to 
muscular contraction.8!-65 F 

Origin of pacemaker-induced sound: Early 
studies indicated that the extra sound occurred at 
the moment of pacemaker firing. Murdock et al.®? 
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proposed that the absence of delay between the pace- 
maker spike and the presystolic sound strongly sup- 
ported an extracardiac origin for the sound. More re- 
cent studies, utilizing high speed phonocardiography, 
showed that the sound occurs 6 msec after the occur- 
rence of the pacemaker stimulus. 

There is general agreement that the sound induced 
by the pacemaker is not cardiac in origin but is relat- 
ed to skeletal muscle contraction.9?-95 A causal rela- 
tion between the pacing stimulus and the sound was 
confirmed by Pupillo and Linhart.®° These workers 
temporarily altered the demand pacemaker activity 
in their patient by applying to the chest wall electri- 
cal stimuli that were too weak to affect the heart yet 
strong enough to suppress all pacemaker activity. 
Cessation of pacemaker activity resulted in elimina- 
tion of the sound; conversely, it reappeared when car- 
diac pacing was resumed. 

The available evidence incriminates skeletal mus- 
cle contraction taking place in at least three separate 
muscle groups: intercostal and pectoral muscles on 
the left anterior chest wall, and the left leaf of the di- 
aphragm. The latter structure may be stimulated di- 
rectly or indirectly, by stimulation of the phrenic 
nerve. Initially, the presence of a pacemaker-induced 
sound was considered to favor perforation of the 
right ventricle by the catheter electrode. It is now 
well established that the sound does occur in the ab- 
sence of ventricular perforation, and that it may be 
caused by malposition of the catheter electrode or re- 
lated to its spatial orientation within the right ventri- 
cle.56.69 

The intensity of the extra sound may vary from pa- 
tient to patient and in the same patient. According to 
Kramer et al.’° the intensity appeared to be deter- 
mined by the proximity of the electrode tip to skele- 
tal muscle and to the strength of the electrical stimu- 
lus. The intensity of the sound may be reduced with 


inspiration; in some cases, the sound may be heard. 


only with expiration.®° 


Prosthetic Valve Sounds 


Interposition of a caged-poppet valvular prosthe- 
sis, such as the Starr-Edwards or Kay-Shiley valve, in 
the atrioventricular orifices gives rise to early diastol- 
ic sounds resulting from valve opening.?!-7? (Fig. 5). 
Most commonly, the mitral valve or the mitral and 
tricuspid valves are replaced; isolated replacement of 
the tricuspid valve with a prosthesis is only rarely 
carried out. 

In the case of isolated mitral or tricuspid valve re- 
placement, a single opening click (OC), the prosthetic 
equivalent of the opening snap, is heard, respectively, 
after the aortic or pulmonic component of S». The 
duration of the A;-OC interval in mitral valve re- 
placement assumes basically the same clinical signifi- 
cance as that of the A5—OS interval described earlier 
for mitral stenosis; that is, it provides indirect evi- 
dence relative to the magnitude of the diastolic gradi- 
ent across the prosthetic valve./^?» However, other 
factors that must be taken into consideration are in- 
ertia of the poppet, changes in the poppet, cage or - 
ring that impair mechanical function of the valve, 
and the preceding R-R interval.?? The usual postop- 
erative Ao—OC time interval is 0.09 to 0.15 second.”4 
The click is loud, snapping or clicking, and can be 
heard over the entire precordium. It is of maximal in- 
tensity along the left sternal edge and at the apex, 
where it may also be palpable. 

Simultaneous replacement of the mitral and tri- 
cuspid valves results in a double opening click, each 
valve contributing an opening sound as the poppet is 
thrown against the valve cage. Under usual circum- 
stances, the first opening click will be tricuspid and 
the second, mitral in origin. 
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The electrocardiograms of 50 patients were recorded immediately be- 
fore and after they underwent cerebral angiography, ventriculography, 
myelography or pneumoencephalography. Definite electrocardiograph- 
ic changes were produced by the diagnostic procedure in 78 percent 
of patients. Cerebral angiography caused the most serious electrocar- 
diographic alterations, one patient manifesting the Wolff-Parkinson- 
White syndrome after the procedure. The alterations ranged from slight 
to marked P, QRS or T wave changes, alone or in combination. The 
electrocardiographic alterations produced by the four central nervous 
system diagnostic procedures were probably mediated through 
parasympathetic and sympathetic cardiac innervation. 


More than 20 years ago,! cerebrovascular hemorrhage was observed 
to produce marked changes in the electrocardiogram. It was later 
shown? that many types of cerebral illnesses such as encephalitis, 
tumors of the brain, meningitis, syncopal episodes and convulsive sei- 
zures also change the electrocardiogram. The mechanism for these 
changes is still not completely understood, but it has been postula- 
ted? that the cerebral lesions produce sympathetic nervous system 
“storms” that alter the electrophysiologic state of the myocardium 
and conduction pathways and result in the patterns noted in the trac- 
ings. Because of these findings, we recently studied the influence on 
the electrocardiogram of four diagnostic procedures commonly used 
to study diseases of the central nervous system. 


Methods 


Fifty patients undergoing cerebral angiography, pneumoencephalography, 
myelography or ventriculography were studied. One cf these patients under- 
went both angiography and pneumoencephalography. 'The conventional 12 
lead electrocardiogram was recorded just before each procedure and again 
immediately afterward. The patients were not selected, and studies were per- 
formed whenever a procedure was scheduled, without regard to sex, age, dis- 
ease state or any aspect of the patient's clinical problem. The electrocardio- 
grams obtained before and after the procedure in all 50 patients were studied 
without knowledge of the patient, his clinical or diagnostic problem or the di- 
agnostic procedure used. The electrocardiographic changes observed after 
each procedure were graded in arbitrary fashion from 0 to 10, the former re- 
flecting no change and the latter the most extensive change observed. No at- 
tempt was made to study the duration or natural history of the electrocardio- 
graphic changes. 


Results 


'The results are summarized in Table I and Fizures 1 to 4. The di- 
agnostic procedures produced a change in the electrocardiogram in 39 
(78 percent) of the 50 patients studied. The changes ranged from 
minor T wave changes to marked P, QRS or T wave changes, alone or 
in combination, with manifestations of a Wolff-Parkinson-White syn- 
drome in one patient (Fig. 2). 
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TABLE | 


Incidence of Electrocardiographic Changes Produced by Central Nervous System Diagnostic Procedures in 50 Patients* : 





Diagnostic Procedure (no. of Patients) 





Electrocardiographic Changes After Procedure (no. of Patients) 





Degree of Patients Ventriculo- Pneumo- TWave QRS  PWave 
ECG Change (no.) Angiogram gram Myelogram encephalogram Changes Changes Changes WPW Bradycardia Tachycardia 

0 11 7 Ries 2 2 ae A 
1 11 9* 2* 9 2 d 
2 7 6 1 7 RE 1 ios 
3 5 4 1 4 1 
4 2 1 2 die 1 
5 9 5 2 1 2 8 1 1 
6 1 1 1 m 1 
7 3 3 3 1 
8 0 Duy As 
9 1 1 1 1 mue 
10 1 1 Ye d. Aw 1 1 1 

Total opt 37 2 3 9 36 5 3 1 2 1 





* One patient underwent both angiography and pneumoencephalography. 


WPW = Wolff-Parkinson-White syndrome. 


Figure 1 shows the incidence and degree of changes 
produced by the various diagnostic procedures. Al- 
though the degree of change was graded in arbitrary 
fashion, all changes were definite. The least degree of 
alteration consisted of slight changes in the configu- 
ration of the T waves (Fig. 4). Apparently, cerebral 
arteriography is more hazardous to the heart than 
the other diagnostic procedures employed. Eleven of 
the 37 patients (30 percent) who underwent cerebral 
angiography had electrocardiographic changes of 
grade 5 or higher, 6 patients (16 percent) of the 11 


10 


"DEGREE" OF EKG CHANGE 


FIGURE 1. Incidence and degree of electrocardiographic 


(EKG) change in relation to the diagnostic procedure used O 


in the study of the central nervous system (CNS). This il- 
lustration shows a high rate of change in the electrocardi- 
ogram when patients are subjected to cerebral angiogra- 
phy, ventriculography, myelography and pneumoen- 
cephalography. 


having changes of grade 6 or higher. No patient 
subjected to the other diagnostic procedures had 
changes greater thän grade 5 in severity. The number 
of patients studied was too small to permit statistical 
comparison of the various diagnostic procedures. 


Discussion 


The incidence of electrophysiologic effects, as re- 
flected in the electrocardiogram, of cerebral angiog- 
raphy, ventriculography, myelography and pneu- 
moencephalography was 78 percent among the 50 pa- 
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FIGURE 2. Electrocardiograms of a 66 year old woman showing the development ofa Wolfi-Parkinson-White. syndrome EUREN after cere- 
bral angiography. 


: BEFORE ANGIOGRAM 





sicnál amu. Or presb preimature Sont action. : lography. Tt has | sreviously been cing in mice that 
were not observed. The most pronounced changes in intracranial injection of blood produces profound his- 
conduction were the production of a Wolff-Parkin- tologic changes in the heart.5 

son-White pattern in one patient (Fig. 2) and the dis- Our data suggest that other studies should be per- 
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. FIGURE 4. Electrocardiograms of two women showing 
slight and moderate T wave changes after pneumoen- 
. cephalography and cerebral angiography. The 59 year 
old patient (A) had slight lowering of. the T waves in 
most leads immediately after pneumoencephalogra- 
phy, whereas the 58 year old patient (B) had more 
pronounced changes in the T waves of leads V, to Va. 


a formed in animals and man. We did not study the  . ical sichien, the  &lécitóctirdiographie changes pro- 
_ time course of the changes produced in the electro- © duced by diagnostic procedures involving the central: 
.. eardiogram, and this needs. investigation. None of our nervous system indicate the need to consider the con- - 
." patients sustained serious damage or eardiac symp- sequences of such procedures carefully in all patients, ^ 
_toms or signs, or had a nfarct. The > patient. with x but. rein in. Lea wi h cardiac disease. | 
f White A e | Ne: xof the four. < 
due to direct - 
'ophysiolog- . 
e tissues. ` 
elation be- - 
ional state . 
jn must be 
he electro- 
atients with 
of its ap- 

















F tients studied had gae isease as st : their major clin- s xd p 
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j myocarditis in 1 which unusual 


LBERT £. . RAIZNER, "MD 

ERENC GYORKEY, MD EP i ka wakes 

OBERT J. LUCHI; MD, FACC —— ni the nts sida of the heart. . A right atrial thrombus that i partially ob- 

louston, Texas — - ee structed the tricuspid valve was. also found at. postmortem: study and 
- probably contributed to the. unusual. hemodynamic findings. Cardiac — 
i catheterization studies in more patients with Lóffler's endomyocarditis 
.at various Stages of the illness may increase wnderstanting of the 
| course of this obscure disease. 








‘Endocarditis parietalis fibroplastica with aaki was originally 
"described by Löffler in 1936.! Since then, numerous case reports, 
^' studies of a number of small series and several review articles have 
^ been published. 2-19: However, cardiac hemodynamic data were re- 
,. ported i in only f four necropsy-proved. cases.* 7 In three of these cases 
- jn which catheterization was performed within 9 months of the pa- 

_tient’s death, the pattern. resembled that of constrictive pericarditis.t- 

€ This report presents a patient with necropsy-proved Lóffler's en- 

: domyocarditis who underwent cardiac catheterization twice during 
< the course of the disease and. demonstrated. unusual hemod ynamic 

3 findings during tl the second study. in 













A UA: 48 year old black Wai 
tration Hospital i in Octobe 





om the Department 
iministration Hospital, Houston, T x ; P" in S October 
ript accepted February 6, 94. Mr a1 5 tress. Jugular venous 

ant a waves prn were more prominent in the right decub- 






Address for reprints: Robert A. Chahine MD, t. l Mee exhibited g | 
‘terans Administration ‘Hospital, Houston, | itus position. The lungs were clear. The heart rate was regular. An atrial gal- 
xas 77031. lop was heard as well as a grade 2-3/6 pansystolic murmur at the apex. There 
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~ showing evidence of a filling defect 
. i (arrows) suggestive of a space-oc- 
"| cupying mass. 
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eee aes O N oOo K Oo 8 
~ o FIGURE 1. Right-sided pressures recorded during the two catheter- 
izations: PA = pulmonary artery; RA = right atrium; RV = right ven- 


= Aricle. 


was no evidence of gross cardiac enlargement. The liver 
edge was Zem below the costal margin and there was evi- 
dence of 14 pedal edema. 

Laboratory data: Hematocrit was 59 percent, hemoglo- 
bin 18.9 g/100 ml, white blood count 11,700/mm? with 44 
percent eosinophils; blood urea nitrogen was 26 mg/100 ml. 
Pulmonary function studies revealed no obstructive or re- 
strictive luag disease, and findings on lung scan were nor- 


CU FIGURE 2. Right atrial angiogram 


LOFFLER’S ENDOMYOCARDITIS—BLAIR ET AL. 


TABLE I 


Intracardiac Pressures (mm Hg) Recorded During First and 
Second Cardiac Catheterizations 








i -February 1, 1971 October 31, 1972 





adm? 











Right. atiüm-. CHER ue a 15, m 7 
Right Mic Uem Rma. 07 12/6 
Ene anay, 1o: 23/8; m i: 11/4, m 7 
Aorta ^ iem A n 134/78, m 102 

Left ventricle Am 2 134/9 Seu d 





a = a wave; m FRE 





mal. Arterial blood gas determinations with the patie 
breathing room air revealed the following values: PO: 
mm Hg, PCO, 22 mm Hg and pH 7.44. During breathing of | 
100 percent oxygen, the PO» increased to only 70 mm Hg, a. 
finding compatible with a functional right to left shunt. 
The electrocardiogram showed evidence of right atrial ab- ` 
normality and diffuse nonspecific ST-T changes. The chest. 
X-ray film revealed a cardiac silhouette at the upper limits | 
of normal and dilated upper lobe veins suggestive of pub- 
monary venous hypertension. 'The diagnosis of Lóffler's en- 
domyocarditis was entertained. 

Right heart catheterization was performed (Table I, Fig. 
1). A right atrial angiogram was also performed and showed 
evidence of a filling defect suggestive of an intracavitary 
mass (Fig. 2). l 

Treatment with digoxin and furosemide resulted in little | 
improvement. One week after catheterization the patient 
complained of diffuse abdominal pain and shortly thereaf-- 
ter became oliguric and uremic. Peritoneal dialysis was in- 
stituted. Cardiorespiratory arrest occurred on. November 
11, 1972, and attempts at resuscitation were not successful. 

Postmortem examination: The heart weighed 450 g. 
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ixtensive subendocardial and myocardial fibrosis was 
ound in both the right and left ventricles (Fig. 3 and 4). 
“he right ventricular cavity was greatly reduced by the fi- 
rotic process (Fig. 3). The right atrium was enlarged and 
xtremely thickened. À large mural thrombus in the right 
trial appendage protruded into the atrial lumen down to 
he opening of the tricuspid valve (Fig. 4). The foramen 
vale was anatomically patent, and an embolus was present 
n the left anterior descending coronary artery. The ab- 
lominal aorta showed inflammatory changes and the 
umen was occupied by a large thrombus extending from 
he origin of the renal arteries into the internal and exter- 
ial iliac arteries bilaterally. 


Discussion 


Our patient manifested the typical clinical and 
iathologic findings of endocarditis parietalis fibro- 





FIGURE 3. View of the heart showing the ex- 
tensive fibrosis involving the contracted right 
ventricle (RV) and some patches of fibrosis in- 
volving the left ventricle (LV). 


plastica: rapidly progressive cardiac decompensation, 
marked peripheral eosinophilia and, pathologically, 
severe endomyocardial fibrosis. Since the original de- 
scription by Lóffler,! there has been significant inter- 
est in this disease, and the clinical and pathologic 
findings have been thoroughly described.?-!® How- 
ever, little data are available concerning the cardio- 
vascular hemodynamics encountered at various stag- 
es of this disease. We found only four well docu- 
mented cases in which cardiac catheterization was 
performed. In three of these, the procedure was per- 
formed within 9 months of death, and a pattern re- 
sembling constrictive pericarditis was encountered.*- 
^ The fourth case was studied about a year before 
death, and studies revealed increased right atrial 
pressure (mean 11 mm Hg) and left atrial pressure 


FIGURE 4. View of the heart showing large 
thrombus (four small arrows) in thickened right 
atrium and fibrosis invoiving both the right (RV) 
anc left (LV) ventricles. Large arrow passes 
through the patent foramen ovale. 
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(mean 14 mm Hg); the other hemodynamic findings | 


A ue onal: and the pressure curves were not dis- 




















catheterization was pe 








~~ other 
- second. study, performed: 3 weeks 











in the right ventricle and the pulmonary 


: the QRS complex. The right ventricular systolic con- 
tribution to pulmonary arterial pressure was negligi- 





_ the pulmonary circulatory system seemed to be de- 
veloped by the atrial contraction. The right ventricle 
. appeared to have virtually no contraction power and 
_ Perved merely’ as a conduit. 


case is the first that v w know b in | whicli car- - 
performed at two different — 
f the disease. The first study performed _ 
ears before death revealed normal right- - 
-sided pressures. Mild mitral regurgitation 
ed, but no evidence of restrictive disease or. 
iemodynamic impairment was found. In the — 
before death, the 
. right atrial a wave was the largest right heart pres- - 
sure wave recorded. The peak pressure : wave recorded .- 
artery began 
after the P wave of the electrocardiogram and before ^ iz ta at various stages 5 n ful 
`- patients tó: i determine i if the described hemodynami ye 
: B findings a are indeed unusual. 
ble. Thus, the major force propelling blood through — | ! 









The. pedunculated thrombus found. in th e 
atrium appeared to be in an ideal position to fl 
the tricuspid valve. Partial obstruction, perhaps 
sient, S probably exited. at the rel of the t tric 
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Aiiwaukee, Wisconsin — 





E In a 49 year old uem j of si ler onse ’ Ha 
`- had increased progres 0 months, ang re- 
< vealed a descending thc 
— pressed the left pulmonary artery. and the left main bronchus, severely 
. compromising perfusion and ventilation to the left lung. After aneurys- 
 ,mectomy, there were striking i increases in perfusion and ventilation, as 


_ of breath continued unabated for weeks and | 
tal 2 months after the onset of. symptoms. Records of his. hospit d 

-o that he was mildly anemic and hyper 
. 140/80 to 170/120 mm Hg); and had whe 









acic- aortic aneurysm. “The aneurysm . com- 


documented by lung scans, angiograms and pulmonary function stud- 
ies, and the patient's clinical status was greatly improved. 


An aortic aneurysm is considered one “of the most common causes 
of acquired right ventricular outflow tract obstruction. This is not 
surprising in view of the close anatomic relation of the thoracic aorta 
and the pulmonary artery; the ascending aorta, arch and proximal 
and middle parts of the descending thoracic aorta are all in close 
proximity to the pulmonary artery or its main branches. In the ma- 
jority of reported cases!-!? of pulmonary arterial involvement —com- 
pression or communication— due to an aortic aneurysm, the site of 


the aneurysm is the ascending aorta. Nicholson,* in reviewing 74 
cases of rupture of an aortic aneurysm into the pulmonary artery, 


found that 63 of the aneurysms were in the ascending aorta. In con- 


trast, there are few reported cases of descending thoracic aortic aneu- 


rysm with pulmonary arterial involvement. t415 

- This. report describes a patient with a descending thoracic aortic 
aneurysm that compressed the left pulmonary artery and the left 
main stem bronchus. Compression of the pulmonary artery and bron- 


chus was relieved by aneurysmectomy. This is the first report provid- SÉ 


ing data from preoperative and postoperative lung scans, angiograms 
and pulmonary function studies clearly documenting the significant 


increase in perfusion and ventilation after aneurysmectomy of a de- 


scending thoracic aortic FORUM, 


. Case Report - 


^A 49 year old man suddenly experienced: severe shortness of breath while 
walking up a flight of stairs in December 1969. He deried pain. The shortness 
led to admission to a local hospi- 
il stay show 
(blood pressure ranging from 
: ind. decreased breath sounds 
he Venereal Disease Résearch Laboratory test 
























over the left lung. Results of th 





"^ were positive (1:64 dilution and penicillin was. administered. Chest roent- 


rom the ne and Cardiotopy- Socios = 
ledicai Service, Wood Veterans Administration | 
ospital and Division: of. Medicine, The Medical. 


ollege of Wisconsin, Milwaukee, Wisc. Manu- 
zript accepted January. 9, 1974. 


Address for reprints: Basil Varkey, . MD, Pul- 


onary Disease Section/111E, Veterans Ad- 
inistretion Hospital, Wood vaio: Wisc. 
3193. . 


.. genograms revealed a mediast 
" eurysm. Angiographic studies were not perf 
.. judged to be an unacceptable candidate for 





ial shadow suggestive of a thoracic aortic an- 
med because the patient was 
rgery in light of his poor pul- 
monary status. He was discharged on a re men of antihypertensive and 
bronchodilator medications. During the next 6 months. hoarseness of the 
voice developed, and he lost 40 Ib. He became progressively more dyspneic 
and was admitted to Wood Veterans Administration Hopital on October 2, 
1970. 











In fiatahar 2 dOTA Pha Aeenvimem: Lecsnal Ad AADI ARMY AERA 44 | 





DESCENDING THORACIC AORTIC ANEURYSM-—VARKEY AND TRISTANI 





FIGURE 1. A, chest roentgenogram (posteroanterior view). The mediastinal mass cannot be clearly separated from 





the aortic shadow, suggest- 


ing an aortic aneurysm. B, lateral laminogram. Arrow indicates narrowed left main bronchus. A mass contiguous to the aortic shadow is seen 


compressing the left bronchus. 


A 





FIGURE 2. A, preoperative perfusion lung scan (anterior view) shows no detectable radioactive material in the left lung. B, preoperative pulmo- 


nary angiogram shows a greatly diminished blood supply to the left lung. 


The past history revealed that the patient had syphilis as 
a teenager and was treated with "injections" for a month. 
In 1960, he was involved in an automobile accident without 
sustaining any external injury. He was examined at the 
emergency room of a hospital and then released; no roent- 
genograms were obtained. His health was good during the 
ensuing 9 years, and he underwent no medical or roentgen- 
ographic examination. He smoked approximately 20 ciga- 
rettes a day for 20 vears. 

On examination, the patient appeared to be chronically 
ill and dyspneic at rest. Respirations were 30/min with au- 


dible wheezing, pulse was 92 beats/min and blood pressure 
130/80 mm Hg. The second heart sound was accentuated in 
the pulmonic area; there were no murmurs. Breath sounds 
were markedly diminished on the left side, anteriorly and 
posteriorly. Inspiratory and expiratory wheezing and pro- 
longation of the expiratory phase were noted. There was no 
 hepatosplenomegaly or edema of the lower limbs. 

Laboratory studies revealed a hematocrit of 34 percent 
ith normal total and differential white blood cell counts. 
Hypochromia, anisocytosis and poikilocytosis were seen in 


the blood smear. Serum iron was 47 ug/100 ml (normal 60 
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TABLE | 


Pulmonary Function Studies. 











“dicted (liters). Predicted liters) Predicted) em ip, (mmHp units 





s arterial carbon dioxide partial p pressure; ; PaO; = Ex - arterial oxygen partial pressure; 








second fo de ipiratory volume; Paco; = 
Postop = postope | 


-IGURE 3. A, late phase of noni a angiogram outlines àn aortic aneurysm arising distal to the lett gubelavin antery. B, M UR Oblique 
jew of descending thoracic aortic aneurysm. 


to 180 ml). An SETE disclosed spall R waves Twenty-seven days after admission, left posterolateral 


in leads V; to Vs. Mediastinal widening, suggestive of an thoracotomy was performed and the aneurysm was resect- 
aortic aneurysm, was seen on the chest roentgenogram (Fig. ed using a femorofemoral bypass. A large aneurysm was 
1A) and compression of the left main bronchus was ob- found arising just distal to the subclavian artery and dense- 
served on the laminogram (Fig. 1B). - ly adherent to the left upper pulmonary lobe. It had many 

A macroaggregate lung scan revealed virtually absent thinned out “bubbles” at its superior margin. After proxi- 
3erfusion of the entire left lung (Fig. 2A). On pulmonary mal and distal clamping, the aneurysm was opened and on 
ingiography, blood supply to the left lung was noted to be inspection was found to have ruptured the intima. and 
sreatly diminished (Fig. 2B). The late phase of the pulmo- media toward the hilum where it pressed on the bronchus. 
rary angiogram (Fig. 3A) and aortogram (Fig. 3B) delin- Retrograde bleeding points were oversewn and most of the 
'ated a large aneurysm of the descending aortà distal to the aneurysmal sac was excised: leaving behind some of the pos- 
subclavian artery with displacement of arch vessels. Pul- terior wall. The aorta was transected above and below the 
nonary function studies (Table I) showed severe obstruc- aneurysm, and aortic continuity was reestablished by an 


ive ventilatory: impairment, reduced total lung capacity, end to end anastomosis using a preclotted woven Dacron® 
1ypoxemia, hypercapnia and mild respiratory acidosis. 2 graft. A. tracheostomy was performed i in anticipation of the 

An aneurysmectomy was recommended because of the need for ventilatory support. |. - | 
ncreasing dyspnea arid detei of the patient's clini- The postoperative cours 





















A ds generally uie enti: ex- 








‘al status. The increasing dy: onea and the severe obstruc- —.— cept for pleural and perice dial effusions that gradually 
ive ventilatory impairment were considered more a result subsided, and 2 weeks after operation. the tracheostomy 
of extrinsic bronchial compression by the aneurysm than a tube was removed, Clinically, the patient's condition im- 
rue reflection of severe primary obstructive airway dis- proved remarkably after surgery. À lung scan performed 2 
'ase. months postoperatively (Fig. 4A) revealed increased perfu- 
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| 4 iG RE 4. A, postoperative (2 months) peus lung scan (anterior ma shows: increased peifüsion of the left lung by comparison with the 
preoperative scan. B, postoperative (18 months) pulmonary angiogram shows increased blood supply to the left lung by comparison with the 


: 7 . preoperative angiogram. 


sion of the left lung, and pulmonary function studies. 

< {Table I) disclosed significant improvement in ventilatory 
status. The patient was discharged on January 22, 1971. 

Since his discharge we have examined him at regular i in- 
tervals in the chest clinic. Two years after discharge his 
voice is less hoarse, he has gained 40 lb and is asymptomat- 
ic. Pulmonary function studies performed 18 months after 
operation revealed further improvement since the first 
postoperative study (Table I). A pulmonary angiogram ob- 
tained at the same time revealed impressive increases in 
perfusion to the left lung (Fig. 4B). The late phase of this 
angiogram (Fig. 5) provides a view of the surgically recon- 
structed aorta. 


Discussion 


The descending thoracic aorta is a favored site for 
the formation of an aneurysm,!6 and 90 percent of 
descending thoracic aortic aneurysms are located at 





FIGURE 5. Late phase of pulmonary angiogram obtained 18 months 
after aneurysmectomy outlines the reconstructed descending aorta. 


the proximal part of the descending aorta." Most of 
these lesions are arteriosclerotic in origin! ^-!? and all 
aneurysms, regardless of their cause, enlarge in the 
course of time, mainly as a result of hemodynamic 
factors.?9 

Enlargement of an aneurysm causes compression 
of adjacent structures and many instances of com- 
pression of the trachea, bronchi, esophagus, recurrent 
laryngeal nerve and bone have been recorded. Cha- 
lant et al.?! observed that bulging of descending tho- 
racic aortic aneurysms often occurred toward the me- 
diastinum, compressing the trachea or bronchi and 
causing dyspnea, which is often a dominant symp- 
tom. Like our patient, two of their patients had dysp- 
nea alone, without chest pain, as the presenting 
symptom. The abrupt onset of dyspnea in our patient 
was probably due to obstruction of the left main stem 
bronchus as a result of a sudden rupture of the inti- 
ma and media of the aneurysm with consequent bulg- 
ing toward the hilum. Continued pressure on the re- 
current laryngeal nerve at this area by the aneurys- 
mal bulge probably accounts for the hoarseness of 
voice that developed in our patient. 

Pulmonary arterial compression: Reported 
cases of pulmonary arterial compression due to an 
aneurysm arising distal to the origin of the left sub- 
clavian artery are extremely rare. Drachler and Wil- 
lis! described a case of a descending thoracic aortic 
aneurysm that totally obstructed the left pulmonary 
artery and compressed the right pulmonary artery at 
its origin. The patient had symptoms of dyspnea and 
chest pain and auscultatory finding of a harsh systol- 





ic ejection murmur that was loudest in the left third 


intercostal space. Hamby et al. reported on a pa- 


tient who had a descending thoracic aortic aneurysm 


with obstruction of the left pulmonary artery but no 
clincial or laboratory evidence of right heart failure. 
Brill and Jones, in 1946, discussed the syndrome 
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of pulmonary arterial compression by aortic aneu- 
rvsm and described the main diagnostic features as 
peripheral or systemic venous engorgement, radio- 
graphic evidence of pulmonary arterial enlargement 
and electrocardiographic evidence of right heart 
strain. More recently, Seymour et al.? found that the 
triad of chest pain, dyspnea and loud pulmonary sys- 
tolic murmur provided the best guide for the diagno- 
sis of acquired pulmonary stenosis. This triad was 
present even when only one branch of the pulmonary 
artery was obstructed.^?:/!? [n our case, as well as in 
the case described by Hamby et al.,!° evidence of 


right heart failure was lacking and chest pain and a 
heart murmur were conspicuously absent. 

Surgical treatment: The major application of an- 
giographic studies is in locating and delineating the 
extent of the aneurysm, thus enabling a well planned 
surgical approach. Surgery is definitely indicated 
when the patient is symptomatic because of the an- 
eurysm. Aneurysmectomy and reestablishment of 
aortic continuity by a prosthetic graft are the proce- 
dures currently employed. Overall mortality rates of 
surgical treatment of descending thoracic aortic an- 
eurysm are reported to be less than 10 percent.!ó 
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A patient with an intractable cough was found to have a primary 
leiomyosarcoma of the pulmonary artery. The tumor was diagnosed by 
angiocardiography and resected. One year later the patient was reop- 
erated on because of recurrence of the tumor, but it was not complete- 
ly resectable. 


Primary sarcoma of the pulmonary artery is extremely rare; approxi- 
mately 28 cases have been reported previously.!-* The diagnosis is 
seldom made before autopsy or exploratory thoracotomy. A few pa- 
tients have been operated on with survival. We report a case of a 
tumor of the pulmonary artery diagnosed by angiography before sur- 
gery and successfully resected. The tumor recurred 1 year later. 


Case Report 


A 52 year old woman was admitted to the hospital on July 9, 1972 because 
of a persistent nonproductive cough that had been present for about 7 
months. It sometimes occurred in severe paroxysms that left her breathless. 
A previous chest X-ray film was normal and treatment with symptomatic 
medication was ineffective. She denied significant chest pain, and breathless- 
ness occurred only during her paroxysms of coughing. However, her family 
related that for several months she had been progressively limiting her activi- 
ty until at present she was not able to complete her housework. Recently she 
had fainted in her doctor's office but otherwise had had no dizzy spells or 
fainting. 

Physical examination: The patient was moderately obese, blood pressure 
was 125/70 mm Hg and pulse was 72/min and regular. The neck was supple 
and the carotid vessels pulsatile bilaterally. There was no cervical venous dis- 
tension. The thyroid gland was not palpable. The lungs were clear to percus- 
sion and auscultation. There was a left parasternal systolic impulse and both 
the first and second heart sounds were palpable. A systolic thrill was palpa- 
ble at the pulmonic area and a grade 3/6 systolic ejection murmur was best 
heard at this area. The second heart sound was widely split and the pulmonic 
component was accentuated on auscultation and was palpable. There were no 
palpable enlarged abdominal organs or abnormal masses. The peripheral 
pulses were equal and adequate throughout, and there was no edema. Results 
of the neurologic examination were normal. 

Laboratory examinations: The complete blood count, urinalysis, serolo- 
gy, blood cultures, antinuclear antibody tests, sputum for cytology and rou- 
tine serum chemistry values were within normal limits; alkaline phosphatase 
was 275 mU/ml (normal 30 to 85). The serum lactic dehydrogenase was 315 
mU/ml (normal 90 to 200) and serum glutamic oxaloacetic transaminase was 
70 mU/ml (normal 10 to 50). The radioisotope lung scan was normal. The 
chest X-ray film revealed prominence of the main pulmonary arterial seg- 
ment, and cardiac fluoroscopy revealed marked hyperpulsation of the main 
pulmonary artery and its left and right main divisions. The peripheral pulmo- 
nary arteries did not show any abnormality. The electrocardiogram on June 
5, 1972 was normal. On July 10, 1972 there was a shift of the electrical axis 
leftward to —40?, and a previously upright 'T wave became inverted in leads 
V; to V3 with a 2 mm elevation of the S- T segment in these leads. A phono- 
cardiogram revealed a clearly recorded aortic component of the second heart 
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FIGURE 1. Photograph of a single frame of the cineangiocardio- 
gram. The arrows indicate the mobile radiolucent mass which repre- 
sented a portion of the tumor in the pulmonary artery. MPA = main 
pulmonary artery; RA = right atrium; RV = right ventricle. 


sound followed in 0.10 second by a distinctly recorded 
sound that was considered to be the pulmonic component 
of the second sound. 

Hospital course: Intermittent increases of temperature 
to 101? F were recorded on several occasions without ade- 
quate explanation and were treated with aspirin. Broncho- 
scopic examination performed on July 14, 1972 revealed no 
abnormality except for prominent pulsations in the area of 
the left main stem bronchus. On July 28, 1972 right heart 
catheterization and angiography were carried out; the right 
ventricular pressure was 110/20 mm Hg and the mean right 
atrial pressure was 3 mm Hg with a prominent A wave 
measuring 12 mm Hg. The pulmonary artery could not be 
entered. The oximetric data revealed no evidence of either 
a right to left or a left to right shunt. A cineangiocardio- 
gram was taken with the patient in the right anterior 
oblique position; 40 cc of 76 percent Renografin® was in- 
jected into the right ventricle, disclosing a mobile mass in 
the main pulmonary artery which moved to the bifurcation 
of the pulmonary artery during systole and to the area of 
the pulmonic valve during diastole (Fig. 1). 

Surgical findings: On August 1, 1972 the patient under- 
went cardiac surgery with cardiopulmonary bypass. The 
pulmonary artery was opened and a tumor measuring 2.5 X 
10 em was removed (Fig. 2). The tumor mass was attached 
proximally at the base of the anterior medial cusp of the 
pulmonary valve; part of this cusp was destroyed in remov- 
ing the attachment of the tumor. Distally the tumor mass 
extended to the bifurcation of the pulmonary artery with 
branches going into both the right and left main pulmonary 
arteries. The tumor also extended proximally through the 
pulmonary valve about 2 cm into the right ventricle. On 
microscopic examination the resected tumor was reported 
to be a leiomvosarcoma of the pulmonary valve (Fig. 3). 
The postoperative course was uneventful and the patient 
was discharged from the hospital on August 11, 1972. 





Soc gb RS Se 
FIGURE 2. Photograph of the gross specimen. BASE = site of at- 
tachment of the tumor to the pulmonary valve; INTRACARDIAC = 
the portion of the tumor extending proximally through the pulmonary 
valve into the right ventricular chamber; PULMONARY ART. = the 
portion of the tumor in the main pulmonary artery; LT. PA and RT. 
PA = the portions of the tumor mass extending into the left and right 
pulmonary arteries, respectively. 


FIGURE 3.  Microscopic section of the tumor. (x 100, reduced by 
27 percent). 
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Follow-up: The cough was completely relieved and the 
remained asymptomatic until November 26, 1972 
ias. readmitted. with. B pitis atrial fibrilla- 
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cardine catheterization and. an oessdiograpiy ^ were carried 
out. These studies revealed another obstructing mass in the 
„main pulmonary artery. Because. it appeared to be mobile 
reoperation was attempted on October 30; 1973, but the 
mor was found to have extended into the substance of 











tio of the tumor obstructing the main pulmonary artery 
was resected to produce palliation of symptoms. The post- 
operative course was uneventful and the patient was dis- 
charged from the hospital on November 9, 1973. She died 
in June 1974 in a distant city. Autopsy was not performed 
- and no further data are available. 


Discussion 


=. th 1969 Wackers et al! described the 21st case of 
| primary sarcoma of the pulmonary artery and com- 
. prehensively reviewed the 20 previously reported 


/ he myocardium and. was not totally resectable. The por- 








cases. Our patient's predominant symptom wa: 

vere and intractable cough. The presence o 
monic systolic murmur and a widely spl 2 
heart sound together with recent. inversion of re 
wave in leads V; to Va pointed to a cardiac origi 
her ma but v we Mom unable to make a spe 










num, - as is gh wal o! found, made us. hopef d 
long-term survival. At the time of. her last hospitali- 
zation the tumor was again demonstrated, but there — 





was still no evidence of distant metastases or of ex- 
tension locally into the mediastinum or adjacent pul- | 


monary tissue. On reoperation we planned to do a . 
more radical resection of the pulmonary valve and ar- . 
tery and to interpose a graft, but these procedures | 
could not be performed. pu x 
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.ETTERS TO THE EDITOR 








PATIENTS WITH ANGINA PECTORIS AND NORMAL 
CORONARY. ARTERIOGRAMS 
The article by Arbogast and ‘Bourassa! and the editorial 
-omments? were of great interest to.us. We have studied a 
zroup of 50 young women who complained of chest discom- 
fort, dyspnea or fatigue and whose resting electrocardio- 
sram showed ST-T changes. Their ages ranged from 16 to 
15 years (mean 33 years). 'The entire group had no history 
of smoking, use of oral contraceptive agents, or any illness 
in the immediate past to suggest myocarditis. They had no 
*risk factors" such as obesity, diabetes, hypercholestero- 
lemia, hyperuricemia or hypertension, or any evidence of 
arterial disease, amyloidosis or hereditary neuromuscular 
disorder. The clinical examination was normal except for 
marked tenderness of the chest wall or costochondral junc- 
tions or sighing respiration. There was no chest deformity. 
Routine resting electrocardiograms showed ST-T changes 
but the QRS configuration was normal. Twenty-four pa- 
tients had ST-T changes in leads II, III, aVF or Vs and Ve. 
ST-T changes were confined to leads I and aVL in 2, and 
were generalized in 18; inversion of the 'T wave in all pre- 
cordial leads occurred in 6. Repeat electrocardiogram 1 
hour after administration cf 40 mg of propranolol showed a 
normal S-T segment and T wave in 44 and marked im- 
provement in 6 (Fig. 1). All patients on repeated follow-up 
atudies showed similar electrocardiographic changes with 
the same response to propranolol. There was no S-T seg- 
ment elevation or any QRS changes; there were no compli- 
cations or deaths during the follow-up period, which lasted 
from 1to 7 years. © 
The prompt reversal of ST-T changes with propranolol 
suggests that these changes are due to increased sympa- 
thetic outflow or hypersensitive beta receptors’? in the 
heart. Theoretically, excessive adrenergic action can cause 
compression of intramural coronary branches, intraventric- 
ular hydrostatic compression of subendocardial vessels and 
increased myocardial oxygen consumption. Thus, it can 
lead to subendocardial or focal hypoxia.* There is ample 
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FIGURE 1. ST-T changes after administration of propranolol. 





evidence that excessive adrenergic action can produce 
ST-T changes.5-!? 

We call this "the. syndrome of young women with chest 
discomfort and functional ST-T changes." The clinical im- 
plications of recognizing this syndrome are obvious. The 
emphasis should be on reassurance, careful explanation re- 
garding the improbability of heart disease, graduated phys- 
ical activity, removal from stressful environment and judi- 
cious use of beta receptor blocking drugs. These measures 
will diminish excessive adrenergic activity. 


M. J. Gandhi, MD 
Lokmanya Tilak Municipal College & Hospital 
Bombay, India 
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REPLY 


The letter by Dr. Gandhi deserves some comments. The | 
young women that he describes represent a significant 
group of patients in any cardiology-oriented medical prac- 
tice. They have functional symptoms and chest discomfort 
of noncardiac origin and are commonly diagnosed as having 
neurocirculatory asthenia. Nonspecific electrocardiograph- 
ic changes are often present, are quite variable and have 
been shown to regress or improve after different maneuvers 
as well as the administration of potassium and propranolol. 
* As a rule, these patients do not present a diagnostic prob- 
lem, and coronary arteriography is infrequently performed. 
Patients with typical and atypical angina clinically, in 
spite of a normal coronary arteriogram, represent a differ- 


ent situation. As stressed by Kemp‘ and others,? some of- 3 





these patients, particularly those with atypical symptoms 
and negative stress tests, may in fact have neurocirculatory - 
asthenia or other noncardiac conditions. However, the an- 
ginal syndrome is typical in these patients and frequently 
stress-induced abnormalities such as angina, positive S-T 
segment depression on the electrocardiogram and abnor- 
mal lactate metabolism can be demonstrated. These mani- 
festations, in the absence of coronary angiographic abnor- 
malities, remain unexplained. In our report, we presented. 
evidence demonstrating that these patients have a hyper- 
dynamic cardiac function that contrasts with the frequent- 
ly depressed function of patients with coronary artery dis- 
ease and myocardial ischemia. The relation of this hyper- 
dynamic state to excessive catecholamine stimulation is 
probable; however, the mechanisms involved in this action 
are poorly understood. 


| Ml DA 











ong. ee ánd. the judicious use of a 
-constitute the best. form of treatment for these pa- 
ent: at the presbht t time. 





.— Martial G. Bs MO FAGG 
^ .- Robert Arbogast, MD, MSc. 
Department of Medicine — 
. Montreal Heart institute 
Montreal, Quebec, Canada 
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` TRICUSPID INCOMPETENCE, ATRIAL FIBRILLATION 
AND DIAGNOSTIC VALUE OF DOPPLER ULTRASOUND 


In a recent article Benchimol et al.! recalled and developed 
the value of external Doppler recording of the jugular ve- 
nous flow velocity curve for diagnosing tricuspid insuffi- 
ciency. They concluded that the peak systolic/diastolic ve- 
locity ratio was a reliable clue for diagnosing tricuspid in- 
competence or atrial fibrillation, or both. In view of our 
previous publications?-* on this topic, we agree with the 
usefulness of this method, but also offer the following com- 
ments. 
1, The nondirectional Doppler flowmeter used by the 
. authors is not, in our opinion, the most suitable device for 
a investigating the consequences of tricuspid regurgitation or 
_ atrial fibrillation on venous return: (a) it falls short of dis- 
sing..the possibility of a partial or total reversal flow 
^ wave during systole instead of the normally positive wave, 
. and (b) in such cases the intermediate trough between the 
systolic and the diastolic waves is fourd to be an artifact 
. "without physiologic. significance. These drawbacks are far 
from negligible because a peak systolic/diastolic velocity 
- ratio of less than-1 is not specific for tricuspid insufficiency 
Since. it can be seen, as demonstrated by our published 
- curves, in normal subjects with sinus bradycardia?^ and in 
. patients with atrioventricular bloek or junctional 
< rhythm;?^ obstructive. cardiomyopathy with involvement 
; the right ventricle or, above all, ventricular septal de- 
ect,” a situation where the question of the differential di- 
_- agnosis from tricuspid - incompetence may precisely be 
- raised. We demonstrated in the latter case that the pattern 
of the jugular venous flow velocity curve, and particularly 
the possibility of a negative systolic. wave, was an effective 
clue to the correct diagnosis. 
2. The authors raised but left unanswered the question 
of grading the severity of tricuspid incompetence. The di- 
rectionality of the flowmeter provides an elegant answer, 
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tion may be the sole explanation. (b) The negat systolic. 


wave found in some patients indicates that a reversal flow 


wave coming from the atrium reaches the internal jugular i 


vein and overcomes the normal flow toward the heart: 


Whether this reversal flow wave originates within the right 


atrium because of the ballooning of the valve into the atri- 
um or is generated within the right ventricle (either be- 
tween or below the leaflets) because of apparent or real tri- 
cuspid regurgitation cannot be ascertained by an external 
method.* However, radiovideodensitometric studies pro- 
vided evidence for such a possibility.? 

4. It is also fair to keep in mind the limitations of the 
Doppler method: A normal curve does not totally rule out 
tricuspid incompetence if the latter is too slight to bere- 
flected at the site of the internal jugular vein or when an 


aneurysmal right atrium acts as a buffer between the tri- ui 
cuspid valve and venous return. However, in. such cases, : 


respiratory maneuvers may sensitize the method. 


Finally, these discrepancies between the finding gs of Ber D 
chimol et al. and our data should not overshadów. the use- . 


fulness. of the noninvasive Doppler technique, which in our | 
opinion. deserves to become a routine procedure. Simply, . 
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we suggest that the directional flowmeter is more reliable 


and has more information potential. 


D. Kalmanson, MD 
Colette Veyrat, MD 


Fondation Ophialmeloginus A A: de Rothschild " 5 


Paris, France. 
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L. Bye hie we i had some í ékperience with the ap- . 
plication of a bidirectional Doppler: flowmeter for the study. > 





of hemodynamics in man.! In this latter publication we 
commented on the limitations of nondirectional flowmetry. 
Unidirectional troughs between systolic and diastolic waves 
are clearly not "artifacts without physiologic significance." 

Such wave forms indicate the net velocities of blood cells in 
either direction at those particular points in time. Kalman- 
son and Veyrat have published data based on single display 
wave forms that integrate both forward and reverse blood 
flow velocities, providing a net assessment of directional 
flow. In the context of their criticism, major opposing di- 
rectional blood flow velocities may be occurring at a time 


when the mean velocity is negligible, rendering these wave ` 


forms similarly “artifactual.” Examination of the “Materi- 
als and Methods" sections of their major papers?? reveals 
no description of the underlying heart diseases in their 
study groups. This latter comment also applies to the small 
sample with sinus bradycardia. Refined invasive tech- 
niques should be applied before inferring the absence of 
tricuspid insufficiency in patients with right ventricular 
outflow obstruction or other forms of cardiac abnormality. 

2. Our subjects with a greater degree of angiographically 
demonstrable tricuspid incompetence manifested lower 
peak systolic/diastolic jugular flow velocity ratios. Kalman- 
son and Veyrat extol the superiority of the bidirectional in- 
strument for grading tricuspid regurgitation. Regrettably, 
this conclusion is not based on detailed data that have been 
subjected to editorial scrutiny. We await their demonstra- 
tion of such a correlation with cardiac catheterization or 
operative findings. Until these quantitative data appear, 
their comments remain conjectural in nature. 

3. Our reply in the previous paragraph applies, in even 
greater degree, to their comments on atrial fibrillation. 
Here again we are not provided with refined catheteriza- 
tion or operative data to support the opinion that peak sys- 
tolic/diastolic jugular flow velocities of less than 1 are com- 
monly observed in the absence of tricuspid insufficiency. It 
would be more reasonable to consider the possibility of 
clinically undetectable tricuspid regurgitation, rather than 
provide lengthy theoretical explanations of why the dia- 
stolic blood velocity waves resemble those noted in docu- 
mented valvular incompetence. Previously published stud- 
ies, cited in our paper, were performed because of the well 
recognized inability to detect clinically minor degrees of 
tricuspid regurgitation in the presence of atrial fibrillation. 
Examination of references 3 and 4 in our paper indicates 
that we did not “erroneously” quote the studies of Kalman- 
son and Veyrat. Their entire discussion of atrial fibrillation 
stresses the probable relation of the arrhythmia, tricuspid 
insufficiency and retrograde jugular flow. 

4. Buffering effects of aneurysmal right atria and atten- 
uated wave reflections are speculative considerations that 
remain unsubstantiated. 

5. External Doppler flowmetry of any type enhances our 
diagnostic capability, particularly when tricuspid insuffi- 
ciency is operative. We did not claim that systolic/diastolic 
blood velocity ratios were diagnostic in all cases. In fact, 
Figure 4 of our paper demonstrates some degree of mea- 
sured overlap. 

All diagnostic impressions based on experimental exter- 
nal techniques should be correlated with careful invasive 
documentation of the abnormality under study. Until this 
sound scientific method is applied to studies concerned 


with the Doppler technique, the credibility of various con- 
clusions will remain in question. 


Alberto Benchimol, MD, FACC 
Kenneth B. Desser, MD 

Good Samaritan Hospital 
Phoenix, Arizona 
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EXERCISE TESTING IN MITRAL VALVE DISEASE 


Two points disturb me concerning the article by Golden et 
al.! One is the erroneous observation that the patient stud- 
ied had atrial fibrillation although *an A wave of 7.0 mm 
Hg" was reported in the right atrial pressure tracing. This 
finding would exclude the possibility of atrial fibrillation. 

The second point is that I do not see what additional 
useful information could have been obtained by exercise 
testing in a patient with known moderately severe mitral 
valve disease whose resting pulmonary arterial pressure 
was 50/30 mm Hg. 


Gary B. Marcus, MD 

Brookside Hospital 

San Pablo, California 

and 

University of California Medical Center 
San Francisco, California 


Reference 


1. Golden MS, Pinder T Jr, Anderson WT, et al: Fatal pulmonary hemorrhage compli- 
cating the use of a flow directed balloon-tipped catheter in a patient receiving anti- 
coagulant therapy. Am J Cardiol 32:865-867, 1973 


REPLY 


In reply to Dr. Marcus: First, the patient had atrial fibrilla- 
tion. The manuscript was in error; there was no A wave in 
the right atrial tracing. 

Second, the patient underwent exercise to permit study 
of her left ventricular function. She appeared clinically to 
be a candidate for mitral valve replacement. Before left 
ventricular angiography, the patient performed exercise, 
with monitoring of left ventricular end-diastolic pressure 
(as well as pulmonary arterial pressure) with plans for mea- 
suring cardiac output. The increased resting left ventricu- 
lar end-diastolic pressure, clinical diagnosis of rheumatic 
mitral valve disease and complicated clinical findings made 
study of left ventricular function necessary since mitral 
valve replacement was being considered. 

Michael S. Golden, MD 
Thomas Pinder, Jr., MD 
Warren T. Anderson, MD 
Melvin D. Cheitlin, MD 
Madigan Army Medical Center 
Tacoma, Washington 
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BOOK REVIEWS 


—Ó——————————————————ÓÓÓÁ—— S S 


THE CARDIOVASCULAR SYSTEM. A TEXTBOOK OF X-RAY 
DIAGNOSIS, BY BRITISH AUTHORS, Volume Il, fourth edi- 
tion, edited by S. C. Shanks and P. A. Kerley. Philadelphia, 
WB Saunders, 1972, 671 pages, $28.00 


Radiology of the heart and great vessels is a broad subject 
for a single volume. In addition to discussions of plain film 
interpretation and angiocardiography of the normal heart 
and the heart with congenital or acquired disease, this book 
covers peripheral and selective arteriography, phlebogra- 
phy and lymphangiography. The contributions are from 
many authors who enjoy an outstanding reputation in the 
field, but the limitations of space have often restricted 
their discussions to a superficial level. 

Many sections of the book are very well done, notably 
the chapters on rheumatic heart disease, abnormalities of 
the pulmonary circulation and anomalies and acquired le- 
sions of the aorta and great vessels. The section on congeni- 
tal heart disease is comprehensive, presenting a concise and 
pertinent review of the subject. Although this is a new edi- 
tion, not all of the material has been brought up to date. 
The discussion of coronary arteriography, for example, is 
brief and the radiologic aspects of coronary surgery have 
been completely omitted. The roentgenographic manifesta- 
tions of the prolapsing mitral valve syndrome are not con- 
| sidered, and the section dealing with hypertrophic subaor- 
_ tic stenosis does not include recent pathologic and angiocar- 
diographic findings. 

The book is extensively illustrated. The pictures are 
“black bone” copies, with black and white reversed from 
their usual positions in a standard roentgenogram, but one 
adjusts to this easily. Many of the pictures include the full 
chest and in some instances are not large enough to demon- 
strate details referred to in the captions. 

As one part of a six volume set of diagnostic radiology, 
this book presents a good survey of cardiac radiology. It is 
also of value as an independent volume, because much of 
. the material reflects the extensive experiences of the au- 
thors, but it is not detailed enough to serve as a basic prim- 
er or sufficiently inclusive for a comprehensive reference 
work. 


Murray G. Baron, MD 
New York, N. Y. 


THE PAUL D. WHITE SYMPOSIUM ON CARDIOVASCULAR 
DISEASE, edited by Henry I. Russek. Baltimore, Williams & 
Wilkins, 1973, 400 pages, $35.00 


Any work attempting to provide a comprehensive chronicle 
of a field of science in a rapid state of progress and develop- 
ment necessarily suffers from limited usefulness in time 
and scope. However, the editor and eminent contributors of 
this symposium dedicated to the late Dr. Paul Dudley 
White deserve full credit and admiration for attempting to 
epitomize the state of the art, circa 1971, to which Dr. 
White dedicated his entire life. 

The first part of the book contains a discussion of recent 
advances in subcellular biochemistry and its clinical and 
pharmacologic correlates as well as recent topics of interest 


in hemodynamics. Although the least clinical part of the 
book, this section represents the most exciting frontier of 
cardiovascular research. The remaining chapters concern 
more familiar clinical, medical and surgical aspects of car- 
diovascular disease. As in any symposium dealing with so 
diverse a field, the degree of sophistication of the articles 
varies widely—from a cartoon-illustrated discussion of 
emotional problems in coronary care units to presentation 
of the most advanced concepts in electrophysiology. The 
emphasis is generally on the historical summary of ad- 
vances and changes in the therapy of cardiovascular diseas- 
es and, although the book contains much practical clinical 
information on topics such as treatment of cardiac arrhyth- 
mias or angina pectoris, one is apt to find as much or more 
information in a standard textbook. The final section, a 
kind of fireside chat of prominent cardiac surgeons, is in- 
teresting, but the reason for its inclusion in the symposium 
is not entirely apparent. Thus, this volume's major impact 
is as a yearbook of cardiovascular disease to which the fut- 
ure reader can return for a ready reference. 


Hachiro Nakamura, MD 
New York, N.Y. 


CARDIAC PACING, edited by Philip Samet. New York, 
Grune & Stratton, 1973, 427 pages, $21.00 


This clinical cardiology monograph contains much useful 
information but is by no means a thorough review of cardi- 
ac pacing. Many chapters are written by present and for- 
mer associates of the editor. Each chapter is complete in it- 
self, but there has been little effort at integration, resulting 


. in repetition; a discussion of atrial pacing from the coro- 


nary sinus appears in four different places. 

The book begins with a complete and thoroughly read- 
able summary of the history of pacing by Escher. Other 
highlights of the volume are Tarjan on “Engineering As- 
pects of Implantable Cardiac Pacemakers," Parsonnet and 
colleagues on “A Clinic for Long-Term Pulse Generator 
Surveillance," and Barold and Keller on “Sensing Prob- 
lems with Demand Pacemakers." 

The discussion on indications for cardiac pacing by 
Schoenfeld and Bhardwaj is adequate but poorly written. It 
contains a section on methodology, which does not belong 
in this chapter. Except for the addition of a section on ar- 
rhythmias associated with pacing from the right atrium 
and coronary sinus, Kastor and Leinbach's contribution on 
"Pacemakers and Their Arrhythmias" is an almost verba- 
tim copy of their excellent 1970 article in the book Progress 
in Cardiovascular Diseases. His bundle recordings are well 
summarized by Narula. Physiologic aspects of cardiac pac- 
ing are reviewed by Segel and Samet in such detail as to 
discourage the clinical cardiologist. 

Typographical errors abound in the text, but the index is 
complete and helpful. This monograph is recommended to 
the clinical cardiologist with a particular interest in cardiac 
pacing and to the investigator in the field. 


Alvin J. Gordon, MD 
New York, N.Y. 
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REVIEWS IN CARDIOLOGY* 


A Cooperative Program of the American College of Cardiology and the National Library of Medicine 


ADRENAL GLAND DISEASES 


Adrenal causes of hypertension. Kaplan NN. 
Arch Intern Med 133:1001-6, Jun 74 (49 ref.) 


ADRENAL GLAND NEOPLASMS 


Ultrastructural and functional relationships of some 
human endocrine tumors. Gould VE, et al 
Pathol Annu 8:205-30, 1973 (62 ref.) 


ANGIOGRAPHY 


Angiography as a diagnostic tool in gastrointestinal 
bleeding. Sprintis M. 
Ariz Med 31:252-4, Apr 74 (34 ref.) 


ANTICOAGULANTS 


Experimental studies on the spread of cancer, with 
special reference to fibrinolytic agents and 
anticoagulants. Wood S Jr. 

J Med (Basel) 5:7.22, 1974 (80 ref.) 


AORTA 


Endothelial injury and repair. Wright HP. 
Bibl Anat 12:87-91, 1973 (30 ref.) 


ARTERIOSCLEROSIS 


Immunity and inflammation in the pathogenesis of 
atherosclerosis. A review. Poston RN, et al. 
Atherosclerosis 19:353-67, May-Jun 74 (121 ref.) 
Dietary carbohydrates in lipid disorders in man. 
Albrink MJ. 

Prog Biochem Pharmacol 8:242-70, 1973 (95 ref.) 


ARTERITIS 


Immunity and inflammation in the pathogenesis of 
atherosclerosis. A review. Poston RN, et al. 
Atherosclerosis 19:353-67, May-Jun 74 (121 ref.) 


BLOOD CIRCULATION 


Circulatory adjustments under spinal anesthesia. 
Shimosato S. 
Int Anesthesiol Clin 12:127-44, Spring 74 (15 ref.) 
Regulation of the circulation (second of two parts). 
Braunwald E. 
N Engl J Med 290:1420-5, 20 Jun 74 (44 ref.) 


BLOOD VESSELS 


The róle of surface phenomena in intravascular 
thrombosis. Sawyer PN, et al. 
Bibl Anat 12:106-19, 1973 (39 ref.) 


CAROTID ARTERIES 


Editorial: On the critical lower level of cerebral blood 
flow in man with particular reference to carotid 
surgery. Boysen G, et al. 

Circulation 49:1023-5, Jun 74 (21 ref.) 


CEREBROVASCULAR CIRCULATION 


Control of cerebral circulation in health and disease. 
Lassen NA. Circ Res 34:749-60, Jun 74 (119 ref.) 
Editorial: On the critical lower level of cerebral blood 
flow in man with particular reference to carotid 
surgery. Boysen G, et al. 

Circulation 49: 1023-5, Jun 74 (21 ref.) 


CORONARY DISEASE 


The pathophysiologic panorama of myocardial ischemia 


and infarction. Eliot RS, et al. 

Adv Cardiol 9:2-14, 1973 (28 ref.) 

Platelets, thrombosis and coronary artery disease. 
Genton E, et al. Adv Cardiol 9:29-39, 1973 (25 ref.) 
The pathophysiologic vulnerability of the 
subendocardium of the left ventricle. Guy CR, et al. 
Adv Cardiol 9:42-52, 1973 (44 ref.) 

The usefulness of exercise therapy in the management 
of coronary heart disease. Hartley LH, et al. 
Adv Cardiol 9:174-9, 1973 (20 ref.) 
Epidemiological studies. Relation between dietary fat 
and arterial and venous thrombosis. Stormorken H. 
Haemostasis 2:1-12, 1973-74 (31 ref.) 

Effect of anesthesia on myocardial tolerance to 
ischemia. Spieckermann PG, et al. 

Int Anesthesiol Clin 12:51-81, Spring 74 (31 ref.) 
Dietary carbohydrates in lipid disorders in man. 
Albrink MJ. 

Prog Biochem Pharmacol 8:242-70, 1973 (95 ref.) 


CORONARY VESSELS 


Mechanisms augmenting coronary arterial oxygen 
extraction. Grover RF. 
Adv Cardiol 9:89-98, 1973 (21 ref.) 


ENDOCARDIUM 


The pathophysiologic vulnerability of the 
subendocardium of the left ventricle. Guy CR, et al. 
Adv Cardiol 9:42-52, 1973 (44 ref.) 


EXERCISE THERAPY 


The usefulness of exercise therapy in the management 
of coronary heart disease. Hartley LH, et al. 
Adv Cardiol 9:174-9, 1973 (20 ref.) 


FIBRINOLYTIC AGENTS 


Experimental studies on the spread of cancer, with 
special reference to pel dae agents and 
anticoagulants. Wood S 

J Med (Basel) 5:7-22, 1974 (80 ref.) 


HEART 


Hypertension and the heart. Cohn JN, et al. 
Arch Intern Med 133:969-79, Jun 74 (108 ref.) 


HEART DEFECTS, CONGENITAL 


Corrected transposition. Surgical treatment of 
associated anomalies. Bonfils-Roberts EA, et al. 
Ann Thorac Surg 17:200-9, Feb 74 (14 ref.) 
Recent advances in the treatment of congenital heart 
disease. Viles PH, et al. 

South Med J 67:723-7, Jun 74 (40 ref.) 


HEART VENTRICLE 


The pathophysiologic vulnerability of the 
subendocardium of the left ventricle. Guy CR, et al. 
Adv Cardiol 9:42-52, 1973 (44 ref.) 

Editorial: Right ventricular function in acute 
myocardial infarction. Rackley CE, et al. 

Am J Cardiol 33:927-9, Jun 74 (18 ref.) 


HEPARIN 


The effect of heparin and warfarin on primary and 
metastatic tumors. Millar RC, et al. 

J Med (Basel) 5:23-31, 1974 (55 ref.) 

The antimitotic activity of polyanions: heparin and 
heparinoids. Regelson W. 

J Med (Basel) 5:50-68, 1974 (74 ref.) 


* Citations obtained from the National Library of Medicine's MEDLARS Retrieval Program—Bibliogra- 
phy of Medical Reviews. The first of these Bibliographies, and an explanatory editorial, appeared in 
the September 1971 issue (Am J Cardiol 28: 366-367, 1971). 
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HYPERTENSION 


Adrenal causes of hypertension. Kaplan NN. 
Arch Intern Med 133:1001-6, Jun 74 (49 ref.) 
Vasodilator drugs in the treatment of hypertension. 
Koch-Weser J. 

Arch Intern Med 133:1017-27, Jun 74 (116 ref.) 
Hypertension and the brain. Sandok BA, et al. 
Arch Intern Med 133:947-54, Jun 74 (95 ref.) 
Hypertension and the kidney. Tobian L Jr. 
Arch Intern Med 133:959-67, Jun 74 (36 ref.) 
Therapeutic alternatives in hypertension. Brest AN, et 
al. Lab Invest 29:491-4, Oct 73 (15 ref.) 


HYPERTENSION, MALIGNANT 


Malignant hypertension: kidneys too good to be 
extirpated. Mroczek WJ. 
Ann Intern Med 80:754-7, Jun 74 (39 ref.) 


HYPERTENSION, RENAL 


Hypertension in chronic renal failure. Treatment with 
hemodialysis and nephrectomy. Lazarus JM, et al. 
Arch Intern Med 133:1059-66, Jun 74 (76 ref.) 


HYPOTENSION 


Refractory hypotension: mechanism and prevention. 
Massion WH. 
Int Anesthesiol Clin 12:223-37, Spring 74 (15 ref.) 


LYMPHATIC SYSTEM 


Pulmonary lymphatics in relation to pulmonary 
clearance and interstitial fluid and their possible 
implication in the pathogenesis of emphysema. 
Moolten SE. 

Mt Sinai J Med NY 41:412-34, May-Jun 74 (46 ref.) 


MYOCARDIAL DEPRESSANTS 


Antiarrhythmic drugs. Awalt CH. 
Clin Anesth 10:167-83, 1974 (45 ref.) 


MYOCARDIAL DISEASES, PRIMARY 


Spectrum of cardiomyopathy and current 
classification. Goodwin JF. 
Singapore Med J 14:358-62, Sep 73 (18 ref.) 


MYOCARDIAL INFARCT 


Relevance of thrombosis to infarction. Baroldi G. 
Adv Cardiol 9:15-28, 1973 (20 ref.) 

Editorial: Right ventricular function in acute 
myocardial infarction. Rackley CE, et al. 

Am J Cardiol 33:927-9, Jun 74 (18 ref.) 


MYOCARDIUM 


Mechanisms augmenting coronary arterial oxygen 
extraction. Grover RF. 

Adv Cardiol 9:89-98, 1973 (21 ref.) 

Kinetics versus equilibrium in oxygen transport. Guy 
CR, et al. Adv Cardiol 9:68-80, 1973 (38 ref.) 
Molecular basis for oxygen transport. Hemoglobin 
function and controlling factors. Salhany JM, et al. 
Adv Cardiol 9:53-67, 1973 (37 ref.) 

Effect of anesthesia on myocardial tolerance to 
ischemia. Spieckermann PG, et al. 

Int Anesthesiol Clin 12:51-81, Spring 74 (31 ref.) 


NOREPINEPHRINE 


Noradrenergic mediation of traumatic spinal cord 
autodestruction. Osterholm JL. 
Life Sci 14:1363-84, 16 Apr 74 (22 ref.) 
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PHEOCHROMOCYTOMA 


Ultrastructural and functional relationships of some 
human endocrine tumors. Gould VE, et al. 
Pathol Annu 8:205-30, 1973 (62 ref.) 


PULMONARY HEART DISEASE 


Cor pulmonale. Sochocky S. 
SD J Med 27:5-10, May 74 (21 ref.) 


SHOCK, HEMORRHAGIC 


Neuroleptanesthesia, dissociative anesthesia, and 
hemorrhage. Corssen G, et al. 

Int Anesthesiol Clin 12:145-61, Spring 74 (32 ref.) 
Kidney function during anesthesia and hemorrhage. 
Deutsch S. 

Int Anesthesiol Clin 12:109-25, Spring 74 (27 ref.) 
Management of general anesthesia during hemorrhage. 
Graves CL. 

Int Anesthesiol Clin 12:1-49, Spring 74 (48 ref.) 
Refractory hypotension: mechanism and prevention. 
Massion WH. 

Int Anesthesiol Clin 12:223-37, Spring 74 (15 ref.) 
Effects of anesthesia and hemorrhage on lung function. 
Massion WH. 

Int Anesthesiol Clin 12:83-107, Spring 74 (25 ref.) 


THROMBOPHLEBITIS 


Epidemiological studies. Relation between dietary fat 
and arterial and venous thrombosis. Stormorken H. 
Haemostasis 2:1-12, 1973-74 (31 ref.) 


THROMBOSIS 


Relevance of thrombosis to infarction. Baroldi G. 
Adv Cardiol 9:15-28, 1973 (20 ref.) 

Platelets, thrombosis and coronary artery disease. 
Genton E, et al. Adv Cardiol 9:29-39, 1973 (25 ref.) 
The róle of surface phenomena in intravascular 
thrombosis. Sawyer PN, et al. 

Bibl Anat 12:106-19, 1973 (39 ref.) 

Dietary fats and arterial thrombosis. Hornstra G. 
Haemostasis 2:21-52, 1973-74 (131 ref.) 

Effect of lipids and hypolipaemic drugs on platelet 
aggregation and thrombosis. O'Brien JR. 
Haemostasis 2:169-75, 1973-74 (29 ref.) 
Epidemiological studies. Relation between dietary fat 
and arterial and venous thrombosis. Stormorken H. 
Haemostasis 2:1-12, 1973-74 (31 ref.) 


TRANSPOSITION OF GREAT 
VESSELS 


Corrected transposition. Surgical treatment of 
assoclated anomalies. Bonfils-Roberts EA, et al. 
Ann Thorac Surg 17:200-9, Feb 74 (14 ref.) 


VASODILATOR AGENTS 


Vasodilator drugs in the treatment of hypertension. 
Koch-Weser J. 
Arch Intern Med 133:1017-27, Jun 74 (116 ref.) 


VASOMOTOR SYSTEM 


Control of cerebral circulation in health and disease. 
Lassen NA. Circ Res 34:749-60, Jun 74 (119 ref.) 


ession of 
rdiology will 
February 10 
a distinct plea- 














o attend. this. meeting; Houston is my 
'home town." Every effort will be made 
on make this a memorable meeting for 
hose who attend and for their spouse. 
[he city. fathers. and many of my medi- 
sal colleagues are working diligently to 
make this a faultless affair. 

ff you come, you will be welcomed at 
a hospitality. booth - located in the 
jaggage claim area. in both terminals of 
-ouston' s international Airport. There 
you. will be able to obtain instructions as 
to how to get to your hotel. The bus ser- 
vice to the city is convenient and less 
expensive for the indi vidual rider than is 
the taxi service. However, by checking 
at the booth, one may. meet others who 
will share the cost of a taxi to the city. 
All of the hotels are conveniently locat- 
ed near the meeting sites. The conven- 
tion facilities. are excellent. 

You should plan to arrive at least by 
Sunday afternoon, February 9, because 
you and your guests are invited to be 
the guests of the College at a private 
concert presented by the famed Hous- 
ton Symphony Orchestra in the striking- 
ly beautiful Jones Symphony Hall at 
8:30 PM Sunday. - | 

A. variety of. clinics are being ar- 
ranged for: Monday morning by Dr. Wil- 
liam is Winters, Jr., FACC. Many of 
these will be eld. in the hospitals of the 
Texas Medical € enter, which embraces 

or Colle Medicine and the 
s School of Medicine. 
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: ersonally invite you — 


fficially begin i 


current concepts of pathogenesis, diag- - 
nosis and, particularly, management of — 
most cardiovascular conditions. Those _ 
- who attend will have the opportunity to 


hear the latest thoughts on manage- 
ment of patients—from the neonate to 
the geriatric patient—representing an 
entire spectrum of cardiovascular dis- 
ease. 

The plenary session will begin with 
the discussion of the treatment of coro- 
nary artery disease by Dr. Richard 5. 
Ross, FACC, president of the American 
Heart Association. This acdress will in- 
troduce the Scientific Session, which 
will be presented by means of formal 
lectures, panel discussions and question 
and answer sessions. Authoritative pro- 
tagonists and antagonists will present 
their views on timely “Controversies” in 
the management of common cardiovas- 
cular problems. There will be an oppor- 
tunity to "Meet the Expert" and have 
"Conversations with the Master Teach- 

rs," A variety of Luncheon and Fire- 
side panels will be available so as to 
give the attendees a choice that should 
include a topic in which they need re- 
view. (As is customary at ACC meet- 
ings, the luncheons and dinners will 
demonstrate features of the prudent 
diet.) In addition, there will be a "'Self- 
Assessment Examination," an opportu- 
nity to learn about or be tested in car- 
diopulmonary  resuscitation, a wide 
array of scientific and commercial ex- 
hibits and many other learning opportu- 
nities. In addition to the commonly dis- 
cussed subjects such as the manage- 
ment of the patient with myocardial in- 


farction, hypertension and the like, at- 
tention will be directed to subjects such 
. 8s cardiac rehabilitation, patient motiva- . - 
S tion, malpractice risks in cardiovascular - 
darc practice and ambulatory management. : e 
B ill t be carefully organized ses- - stat se Col 
presentation of selected ~- evenin 

made. recently in H i 
the: research laboratories ‘and clinics. : 
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_ Special care will be taken to arrangean . 
appealing pr ogram for not only the 
. diologist and cardiovascular. surgeor 
. who treat adults, but also the Sedenie s 
.. cardiologist, as well as the radiologist, 





pathologist and cardiovascular investi- — 
gator. 


grams on Sunday, February 9, to dis- 
cuss matters related to cardiology man- 


power and training. 


A variety of opportunities for relaxa- UE 


tion and entertainment are also being 
planned by the general chairmen, Drs. = . 
Don W. Chapman, FACC, and Robert J. =- 


Hail, FACC. There will be an art exhibit — 


to show how some of our doctors and. . 
their wives or husbands spend their free — 
time. We are soliciting original paintings d 
and sculpture for exhibit at this showing. 


The prizes for the winners will be worth- 


while. Tours of the Johnson Space Cen- E 


ter (NASA), the famous Astrodome and 
others are being planned. Mrs. Denton 
A. Cooley is in charge of the ladies’ ac- 
tivities. Houston is a lovely city ... a 


clean city; it is a wonderful shopping... 


citv. The ladies will enjoy it. Every effort 


wil! be made to have interpreters avail- — 
able as needed by our international ^ 
guests. Special invitations are being = 
sent to the College members in South.  - 


and Central America. 


A lovely dinner-dance with relaxing ae 


entertainment is being planned. for - ; 
Wednesday evening, February 12, after 
the convocation. The Heartbeats (the — 


Texas Medical Center band) will present 


a short concert at this dinner and there 
wil be a fine band with the "Big. Sound" 
led by Ed Gerlach playing for dancing. d 
. Many .of the governors of the College 
"are. artanighg -a * ‘social hour: for Bid i 








There will be a special meeting for di-  : 1 
. rectors of adult cardiology training pro- —. 


some of the points of interest in down- 
town Houston. (Be sure to bring your 
jogging shoes.) 

It should be apparent that much ef- 
fort is being directed to the planning of 
the 24th Annual Scientific Session. We 


New Members 


The following individuals were elected to 
membership in the American College of 
Cardiology on July 18, 1974, in the category 
indicated. 


FELLOWSHIP 


ABRAMS, Edward, MD, California 
AYERS, Carlos R., MD, Virginia 
BARTEL, Alan G., MD, Virginia 
- BENDER, Harvey W., Jr., MD, Tennessee 
BHALERAO, Uddhav K., MB, BS, Canada 
BOVE, Alfred A., MD, PhD, Pennsylvania 
CHARMS, Bernard L., MD, Ohio 
CROSBY, Ivan K., MB, Virginia 
DAMANY, Shashikant J., MD, India 
DAYRIT, Conrado, MD, Philippines 
DEAR, H. Davis, Jr., MD, Mississippi 
DIZON, Apolinar T., MD, Washington 
ELIAS, Ghanem, MD, Canada 
FURMAN, Robert H., MD, Indiana 
GOULDEN, Dudley D., Ill, MD, Texas 
GREEN, John G., MD, Maryland 
GRODNER, Albert S., MD, California 
HELLER, Stanley J., MD, Illinois 
HILTON, Brian J., MD, California 
IBRAHIM, M. Mohsen, MD, Egypt 
JARMAKANI, Jay M. M., MD, California 
JEWETT, Paul W., MD, India 
KLEIN, Garner F., MD, Texas 
KRONE, Ronald J., MD, Missouri 
LIPSCOMB, Kirk M., MD, Texas 
LUDBROOK, Philip A., MB, BS, Missouri 
McALLISTER, Hugh A., Jr., MD, District of 
Columbia 
MEDINA, Jose R., MD, Oklahoma 
OKUDA, Minoru, MD, Japan 
PETERSON, Kirk L., MD, California 
REGAN, Timothy J., MD, New Jersey 
RICH, John M., MD, Ohio 
ROSS, Joseph C., MD, South Carolina 
ROTMAN, Michael, MD, Texas 
RUBENSTEIN, Joel J., MD, Massachusetts 
SARIN, Rajindra K., MD, Maryland 
SHEM-TOV, Abraham, MD, Israel 


are pleased that the prospects are for 
the best meeting yet. It is our anticipa- 
tion that those who attend will not only 
attain Excellence 
Practice— 1975, but also have a pleas- 
ant and relaxing time. | hope you will 


SIEGEL, Wayne, MD, Ohio 

SMITH, Sidney C., Jr., MD, Colorado 
SPAGNA, Paschal, MD, Pennsylvania 
STEIN, Elliott M., MD, New York 

STEINER, Charles, MD, Louisiana 

THALEN, Dr. Hilbert J. Th., The Netherlands 
WELLONS, Harry A., Jr., MD, Virginia 
WHAYNE, Thomas F., Jr., MD, Oklahoma 


ADVANCED TO FELLOWSHIP 


ANTANI, Jayant A., MD, India 
GOLDFINGER, Paul, MD, New Jersey 
HAYMAN, Louis D., Jr., MD, North Carolina 
HOFFMAN, Stanley H., MD, California 
HOLMSTEN, R. David, MD, Oklahoma 
HUNSAKER, Michael R., MD, Oklahoma 
HUTCHINSON, H. Hamilton, MD, Alabama 
LAHIRI, Kamalesh, MD, New Jersey 
LYNCH, Joseph D., MD, Nebraska 
NEWTON, Richard M., MD, Virginia 
PENNY, John L., MD, New Jersey 
PETRIE, Samuel C., MD, Kansas 
RICHMOND, Stephen, MD, New York 
ROBINSON, John L., MD, Ohio 
ROGER, Richard N., MD, California 
SEREMETIS, Michael G., MD, District of Co- 
lumbia 
SNOW, Selig D., MD, Florida 
SUAREZ-Arana, J. Ricardo, MD, El Salvador 
SUTHERLAND, Kenneth I., MD, Washington 
TOMATIS, Luis A., MD, Michigan 
YUDIS, Melvin, MD, Pennsylvania 


ASSOCIATE FELLOWSHIP 


ADESANYA, Christiana O., MD, Massachu- 
setts 

BAGWE, Ranjit M., MD, Missouri 

BARCLAY, George W., Jr., MD, Texas* 

BRODER, George, MD, California* 

CAPLIVSKI, Abraham, MD, Ohio 

COOK, Guillermo A., MD, Massachusetts 

FISCHER, John C., MD, Michigan * 

KOSSOWSKY, Warren A., MD, New York* 
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plan to come .. . and bring your wife or 
husband. You will both enjoy it. 


Henry D. Mcintosh, MD, FACC 
President 
American College of Cardiology 


KUBAC, George, MD, Canada 

KWEE, Hian Hoey, MD, California 

LAIRD, W. Pennock, MD, Texas 

LYNCH, Robert A., MD, California 
McALLISTER, Russell G., Jr., MD, Kentucky 
MEHTA, Sukh S., MD, New York 

NAIR, S. Vijayachandran, MD, New Jersey 
NISHIMURA, Akira, MD, Texas 

PRICE, Herman L., MD, Texas 

SAWIT, Simon B., MD, Philippines * 
SCARPA, William J., MD, New York 

WAI, Kee-Ho, MB, Canada* 

WHITING, Richard B., MD, Missouri 

WU, Chia Fung, MD, New Jersey 

ZAHAVI, Izhar, MD, Israel? 


ADVANCED TO ASSOCIATE FELLOW- 
SHIP 


AKRE, Philip R., MD, Nevada * 
APONTE-Lopez, Jose A., MD, Venezuela* 
CHUN, Young E., MD, Maryland 


AFFILIATE 


BADU, Elias, MD, New York 

CARBONNEL, Carlos D., MD, Texas* 

deMELLO, Vincent R., MD, Missouri 

DENNISH, George W., Ill, MD, Pennsylvania 

GOUSSOUS, Yousef M., MD, Jordan* 

HERNANDEZ-Borjas, Carlos E., MD, Vene- 
zuela' 

HOOSE, Kenneth A., Jr., MD, Georgia * 

MEHTA, Jawahar, MB, BS, New York 

NASRALLAH, Antoine T., MD, Texas 

PENA, Irving A., MD, Texas 

RIBAS Meneclier, Carlos, MD, New York 

ROFFE-Samaniego, Fernando, MD, Mexico* 

SCHWARTZ, Richard, MD, Virginia * 

SHEAD, William L., MD, Oklahoma 

STEYER de Munguia, lise, MD, Mexico 


*Elected April 25, 1974. 
t Elected March 20, 1974. 
i Elected November 5, 1973. 
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Calendar of Continuing Medical Education Programs 


The National Committee for Continuing 
Medical Education, Wiliam Likoff, MD, 
FACC, Chairman, announces the following 
calendar of programs. 


Each program is designed to enlarge 
knowledge and clarify the endlessly chang- 
ing frontiers which mark scientific achieve- 
ments in the recognition and treatment of 
cardiovascular disease. Although the discip- 
lined objective of each program as well as 


its content, format and faculty are primarily 
determined by the Program Director, the Na- 
tional Committee for Continuing Medical Ed- 
ucation always exercises the prerogative of 
final review and approval, whether the pro- 
gram is sponsored solely by the College or 
in collaboration with universities, colleges, 
hospitals and various other professional so- 
cieties. 

Subject matter reflects national interest 
and needs in the fields of patient care, re- 


search and teaching. The program struc- 
tures vary in method of education. 

The National Committee for Continuing 
Medical Education in the College earnestly 
solicits the interest of member and non- 
member physicians alike in continuing edu- 
cation for the clear reason that participation 
provides a unique opportunity to deepen 
one's understanding of heart disease, the 
most formidable and challenging health 
problem of our time. 


Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Department of Continuing Education 
Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 





1974 

To be Preceptorships in Cardiology. 

arranged Arthur Selzer, FACC, director. 

individually Pacific Medical Center, San 
Francisco, Calif. 

To be Cardiology and the Problem 

arranged Oriented System: A Precep- 

individually  torship in the Practical Use of 
the System. J. Willis Hurst, 
FACC, director. Emory Univer- 
sity School of Medicine, Atlan- 
ta, Ga. 

OCT. Vectorcardiography —An Ad- 

7-9 vanced Workshop. Alberto 
Benchimol, FACC, director. 
Scottsdale Hilton, Scottsdale, 
Ariz. 

OCT. Myocardial Ischemia: A Clini- 

7-9 cal Frontier. Suzanne B. 
Knoebel, FACC and Borys Su- 
rawicz, FACC, directors. Indi- 
ana University Medical Center, 
Indianapolis, Ind. 

OCT. New Techniques and Con- 

11-12 cepts in Cardiology: |. Phar- 


macologic and Operative 
Treatment of Coronary Artery 
Disease. ll. Clinical Uses of 
Echocardiography. Stephen 
E. Epstein, FACC, director. 
Shoreham Americana Hotel, 
Washington, D.C. 


nent Maniakas A AATA 


OCT. Problems in Acute Myocardial 

15-17 Infarction. William J. Grace, 
FACC, director and Richard J. 
Kennedy, FACC and James T. 
Mazzara, FACC, co-directors. 
St. Vincent's Hospital and 
Medical Center, New York, 
N.Y. 


Core Curriculum: Phonocardi- 
ography and Pulse Record- 
ing—Workshop. Morton E. 
Tavel, FACC, director. Meth- 
odist Hospital Graduate Medi- 
cal Center, Indianapolis, Ind. 


OCT. 31- 
NOV.2 


Cardiology for the Consultant: 
A Clinician's Retreat. E. Grey 
Dimond, FACC, director. Ran- 
cho Santa Fe Inn, Rancho, 
Santa Fe, Calif. 


NOV. 
4—13 


NOV. Recent Advances and Cur- 

7-9 rent Concepts in Coronary 
Artery Disease. Edmund H. 
Sonnenblick, FACC and Rich- 
ard Gorlin, FACC, directors. 
Sheraton Boston Hotel, Pru- 
dential Center, Boston, Mass. 


DEC. Advances in Heart Disease 

5-7 1975. Dean T. Mason, FACC, 
director. Fairmont Hotel, San 
Francisco, Calif. 


DEC. Core Curriculum: Clinico- 
5-8 Pathologic Correlations in 
Cardiovascular Disease. Wil- 
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liam C. Roberts, FACC, direc- 
tor. Williamsburg Conference 
Center, Williamsburg, Va. 


DEC. Colloquia in  Cardiology— 

11 Number 7: Echocardiography. 
Robert W. Oblath, FACC, Ron- 
ald Danzig, FACC and Sam H. 
Stone, FACC, directors. Am- 
bassador Hotel, Los Angeles, 
Calif. 


DEC. The Eliot Corday Symposium: 

13-15 Cardiovascular Problems: Per- 
'spectives and Progress. Henry 
|. Russek, FACC, director. New 
York Hilton Hotel, New York, 
N.Y. 


1975 


JAN. Cardiologic Debates. John H. 

12-14 Vogel, FACC, Bruce C. Paton, 
FACC and James S. Forrester, di- 
rectors. Snowmass-at-Aspen, 
Aspen, Colo. 


FEB. Twenty-Fourth Annual Scientific 

10-13 Session. Henry D. Mcintosh, 
FACC, director. Albert Thomas 
Convention and Exhibit Complex, 
Houston, Texas. 













multiple copies immediately 


: ECG Station contains its own quantitative data and analysis at the same time 


-= minicomputer, recorder, and 
« printer. It can eliminate the 
..foutine work associated 

ith the reading of normal 

ECOG ss. It is highly accurate, 
assifying correctly 95-98% of N. 
ormal ECG's, 85% of abnormals:? ` 
It is fast, supplying a computer 
. printout based on the widely 

. accepted USPHS program 

* within three minutes after 

; . readings are taken. 


. There is a high degree of 

- patient safety. Also, the Roche 
- Station signals the operator 

< immediately when tracings are 
^. being taken incorrectly or are 
"Of poor quality; it identifies 
interpretations that may be 
incomplete or equivocal. 


- The Roche Mobile Station 
. Offers considerable savings over 
_ telephone tie-in ECG systems 
and yet avoids the extensive 
-investment required for a 
-dedicated central computer. 
Economic feasibility studies and 
. additional information are 
-available from Roche. 


A Hochberg, H.M. etal: Automatic electro 
Cu eardiogram analysis in rapid. mass screening. 
e E Environ. Health 15:390-398, 1967. 













ee _ high performance ECG recorder 
|^ with high noise rejection: | DA 
amplifier "E 





electrically isolated. 






single panel controls ^. 
full 12-lead capacity ^. — 







: For more informa tion 
eg Please send literature. 
CE Please have representative call. 
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-. Wouldnt it be 
nice if nitroglycerin 
alone were the 
answer? 


For the angina’ patient who 
may need more than nitroglycerin: 


Peritrate SA 


sustained Action 
(pentaerythritol tetranitrate) 80 mg 


Prolonged prophylaxis with minimum side effects. 


*'The drug has been evaluated as possibly effective for this indication. See brief summary. 





Peritrate SA 


Sustained Action 
(pentaerythritol tetranitrate) 80 mg 


. CAUTION: Federal law prohibits dispensing 
without prescription. 


Each tablet of Peritrate SA Sustained Action 
contains: pentaerythritol tetranitrate 80 mg 
(20 mg in immediate release layer and 60 
mg in sustained release base). Peritrate" 
(pentaerythritol tetranitrate) is a nitric acid 
ester of a tetrahydric alcohol (pentaerythritol). 


Indications: Based on a review of this 
drug by the National Academy of 
Sciences — National Research Council 
end/or other information, FDA has 
classified the indications as follows: 

"Possibly" effective: Peritrate 
(pentaerythritol tetranitrate), is indicated 
for the relief of angina pectoris (pain 
associated with coronary artery dis- 
ease). It is not intended to abort the 
acute anginal episode but it is widely 
regarded as useful in the prophylactic 
treatment of angina pectoris. 

Final classification of the less-than- 
effective indications requires further 
investigation. 





Contraindications: Peritrate SA Sustained 
Action (pentaerythritol tetranitrate) 80 mg is 
contraindicated in patients who have a his- 
tory of sensitivity to the drug. 

Warning: Data supporting the use of Peritrate 
(pentaerythritol tetranitrate) during the earlv 
days of the acute phase of myocardial infarc- 
tion (the period during which clinical and 
laboratory findings are unstable) are insuf- 
ficient to establish safety. 

This drug can act as a physiological 
antagonist to norepinephrine, acetylcholine, 
histamine, and many other agents. 
Precautions: Should be used with caution in 
patients who have glaucoma. Tolerance to 
this drug, and cross-tolerance to other 
nitrites and nitrates may occur. 

Adverse Reactions: Side effects reported to 
date have been predominantly related to rash 
(which requires discontinuation of medica- 
tion) and headache and gastrointestinal 
distress, which are usually mild and transient 
with continuation of medication. In some 
cases severe persistent headaches may 
Occur. 

In addition, the following adverse re- 
actions to nitrates such as pentaerythritol 
tetranitrate have been reported in the 
literature: 

(a) Cutaneous vasodilatation with flushing. 
(b) Transient episodes of dizziness and 
weakness, as well as other signs of 
cerebral ischemia associated with postu- 
ral hypotension may occasionally 
develop. p 
(c) An occasional individual exhibits marked 
sensitivity to the hypotensive effects of 
nitrite and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur, 
even with the usual therapeutic doses. 
Alcohol may enhance this effect. 
Dosage: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg (b.i.d. on 
an empty stomach), 1 tablet immediately on 
arising and 1 tablet 12 hours later. 
Supplied: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg, double 
layer, biconvex, dark green/light green tab- 
lets in bottles of 100 and 1000. 
Additional Dosage Forms: Peritrate 20 mg — 
light green, scored tablets; Peritrate 10 mg— 
light green, unscored tablets. Bottles of 100 
and 1000. Full information is available on 
request. 
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INSTRUCTIONS FOR AUTHORS 


THE WHOLE PAPER 


e Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 10019. 

e Submit two copies of all elements of 
the article: text, references, legends, ta- 
bles and figures. 

e Arrange the paper in this order: (1) 
title page; (2) abstract; (3) text; (4) ref- 
erences; (5) legends; (6) tables; and (7) 
figures. 

e Number all pages in above se- 
quence, beginning with title page as 1, 
abstract as 2, etc. 

e Type all matter: (1) on 8/5 X 11 
opaque white bond paper; (2) in dupli- 
cate; (3) on one side of each sheet only; 
(4) double-space; (5) leave wide mar- 
gins, all four sides. 


THE TITLE PAGE 


e Include first names, degrees and, 
where applicable, FACC for all authors. 
e Provide a short running title of 3 to 6 
words. 

e Insert at bottom: name and address 
of institution from which work originated 
plus information about grants. 

e Add at bottom the phrase ‘‘Address 
for reprints: ..." followed by full name 
and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: list of 2 to 6 
key words and subjects for indexing. 


THE TEXT 


e Type in duplicate; double-space. 

e Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 

e Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 

e Cite in numerical order every refer- 
ence, figure and table. (Order of men- 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome con- 
cise articles devoted to cardiovascular disease. Articles must be contrib- 
uted solely to THE AMERICAN JOURNAL OF CARDIOLOGY and become the 
property of the Publisher. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced in any form 
without the written permission of the Publisher. Statements in articles are 
the responsibility of the authors. Authors will assist the editors in the prompt 
processing of manuscripts if these instructions are followed: 


tion in text determines the number given 
to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

e Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

e Identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


ə Give each table a number (in roman 
numerals; Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. 

e Please note that art work of pub- 
lished articles will not be returned. 

e Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

« Use arrows to designate special fea- 
tures. 

« Crop photomicrographs to show only 
essential field. 

e Identify figures on back by number 
and author's name. 

e Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

e Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors' initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Dísease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 
Williams & Wilkins, 1968, p 1» 


For books (with identica! author and editor): 


36. Berne E: Principles of Group Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 






inner space 


A Measurement of blood flow in inner space [A ae 
is achieved through the CME CATHETER | i 

PROBE* ...1000 series. = 
This sub-miniature intravascular probe, 
designed for CME Flowmeiers, meas- 
ures continuous and simultaneous 

data on both pulsatile and mean flow 
velocities in CM/Sec. It detects for- 
ward and reverse velocities. This 
smooth, blunt tip probe, mounted at the 
end of a special catheter, is sensitive to 
flow over, rather than through the probe, 
producing an output signal linearly proportional 
to flow velocity. m E 
The electromagnetic catheter probe is available in7, 8. c00 
and 9 French ... sizes 7 and 8 French with or without à 
pressure lumen. The pressure lumen, an integral part of 

the catheter, enables simultaneous detection of blood 

velocity and blood pressure by a single catheter. This 

same lumen may be used for withdrawals of blood-or 

injection of medication. 


"U.S. Pats, 3,487,828; 3,516,399 


CAROLINA MEDICAL ELECTRONICS, INC. 
med. 


P. 0. BOX 307, KING, N. C. 27021 USA TELEPHONE (919) 981-5137 
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The Gould 260 The Gould 220: 
6-channel recorder. the workhorse of 
Precise data at low cost Bi biophysical recordinc 
per channel. Why do so many hospitals and laboratories depend 


ENDS i | CR NT on the Gouid 220? Just look at the features. 
Besides being an accurate, reliable instrument, The modular system provides two 40 mm analog 
me agug zo S 8/80 3 Toar pargain, channels and two event channels and it accepts a 
You get six 40 mm analog channels and four broad range of biophysical plug-in signal condi- 
event markers. Eight pushbutton chart speeds tioners so you can use the 220 to measure almost 
and built-in signal conditioners. Plus Gould any physiological parameter. The 220's pressur- 
exclusives like pressurized ink writing and 


ized writing system makes the sharpest, crispest 
Metrisite* servo-loop feedback system that traces of any recorder on the market. And the 220's 
assures 9912 % linearity. 


99.5% linearity means you get accurate records 
Write Gould inc., Instrument Systems Division, 


you can trust. 
3631 Perkins Avenue, Cleveland, Ohio 44114. Or For all these reasons, the Gould 220 belongs in 
straat Z/N, B 1920 Diegem, Beigium. 


| your hospital or laboratory. Write for details, Gould 
Kouterveld Inc., Instrument Systems Division, 3631 Perkins 
XX Avenue, Cleveland, Ohio 44114. Or Kouterveld- 

X straat Z/N, B 1920 Diegem, Belgium. 
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E Dear : Doctoi tor: ; 







£ that you test you rself at your 
cor complete privacy. And the entire 
; interesting experience takes only a few hours. 

. You not only learn your strengths and weak spots 
but you will be able to compare your perform- 
ance with that of your peers. 


After taking the test, you check your answers 


against the answer key. You will receive a brief 
discussion of each problem to help you with 
further study. 
 .. This unique, interesting test was field tested 
by a broad range of physicians (practicing, aca- 
demic, trainees) all of whom responded with en- 
E thusiasm. See how much you know and learn 
from the test. itself, You can't lose! 


Sincerely yours, 


ic n fandia 229 m Ò 
Có-Chalrién ZZ, f bar, At a 


. Committee on Self Evaluation 


How will this program. help you? 

It gives you an. opportunity to measure your clin- 
ical acumen privately and acurately in six fields 
of cardiology. You can identify your strengths 
and find areas where you will want to pursue 
further study. Your score is confidential as you 
do the scoring. _ 


linical ‘abil ity and judgment | 
eating: the major cardiovas- - 


Joseph A. Bonanno, M. D.. 
Howard Burchell, M.D, 
Ted Chou, M.D.: 







The members: Quo 
Charles. Fisch, M. D., Co-Chairman 
Phil R. Manning, M.D., Ee-Goairman 


J. A. Abildskov, M. D. | B. L. Martz, M.D. | 
John C. Bettinger, M.D. — Dean T. Mason, M.D. 
S. Gilbert Blount, Jr., M. D. Marvin Moser, M.D. 
John H. Moyer, M.D. 
ehe P. Nagle, M.D. 

R. Joe Noble, M.D. 


Harold A, Braun, M.D, 


Melvin Cheitlin, M. D. 
Harold L. Osher, M.D. 
Joseph Ross, M.D. 


J. Michael Criley, M.D. : 
Arthur A. Sasahara, M.D. 


D. Hywel Davies, M.D. 
Marvin I. Dunn, M. D. 
Alfred P. Fishman, M.D. 
Allan Friedlich, M.D. 
Edward D. Frohlich, M.D. 
Michael Gordon, M.D. 

E. W. Hancock, M.D. Pravin M. Shah, M.D.- 
Roger B. Hickler, M.D. — James A. Shaver, M.D. 
J. O'Neil Humphries,M.D. David H. Spodick, M.D. 
Richard E. Hurley, M.D. Borys Surawicz, M.D. 
Samuel Kaplan, M.D. Sylvan L. Weinberg, M.D. 
Albert A. Kattus, M.D. Nanette K. Wenger, M.D. 
Donald F. Leon, M.D. Peter M. Yurchak, M.D. 


David C. Schwartz, M.D. 
Jack P. Segal, M.D. 
Arthur Selzer, M.D. 
Ralph Shabetai, M. D. 


The project is being jointly sponsored by the. 


American College of Cardiology and the Council. vee 


of Clinical Cardiology of the American Heart 
Association. The actual assessment format and. 
content have been carefully pre-tested by a large 
number of practicing physicians. They have 
found the results enlightening and useful as a 
guide to future xia 


Jacqueline A. Noonan, M. D. 


Donald E. Saunders, Jr.,M.D. 


APPLICATION TO PARTICIPATE 





| um Se ; The following detachable application form should be completed by physicians UE Le Us 
| ... . Wishing to purchase this self-assessment program. The application and accom- morc 
panying check should be mailed to: dox 





__Self-Assessment in Cardiology, Post Office Box 5879, Washington, D. C. 20014 













CARDIOLOGY SELF-ASSESSMENT PROGRAM Pretend, Malling Addréss 
| | wish to anicipate in the self-assessment | | m 
| program. NET . Cost NAME (Please type or print) - 
BE "rr VN. | |... ADDRESS rd 
| .H deed 
erican SONS oic Cardiolog 


American Heart Association \ Bes, 
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5 caius i and. Sg tie heart sng the i =“ 
I insufficiency. it should. be. administered 


graphic ‘monitoring, and” possibly cane p din i 
when large doses-are used, or with patients whi 0 Dreser e 
risk. : Nos tag a aS 
<. As with ali quinidine preparations, the titrating. of the exact ltd sr 
< dosage will vary with each individual patient; With the dosage regimen. — 
.0f 2 tablets every 8 hours, higher blood levels than necessary for malm- 
tenance of normal sinus rhythm could be reached, whereas with 1 tablet 
-;tmyvery 12 hours, the blood levels may be too fow to maintain normal 
md 5s sinus rhythm. 
um à Eod du :2 2 Ags with other quinidine products, Quinaglute Dura-Tabs. shoul d not 
| winaginte" Dura-Tabs* (quinidine gluconate) ^ ^ iv: bg used during pregnancy. : 
mu 7 Adverse Reactions: The patient should be advised ta report immediately af 
.; to the physician any symptoms of cinchonism {including tinnitus,” Bee: 










s "i. creased auditory acuity, vertigo, blurred vision, color perception dise 
* produces sustained serum quinidine levels, thus .  ufbances, photophobia, diplopia, night blindness, scotomati, reduced- 
d , Y s 05. visual fields, mydriasis and respiratory distress) 

P! rov iding a convenient 8 or 12 hour dosage schedule cL ee Where such symptoms develop, or if evidence of hypotension appears; 

+ usually insures uninterrupted therapeutic quinidine ecco v fhe drug should be discontinued. Gastrointestinal disturbances have only 
^ co wocomarely been reported. if they occur, they may be minimized by admit 

gluconate levels during sleep . ^g stering the drug with food. If they persist; dosage should be decreased. 

GO GE ANT ^ ; l co. Dosage: For the prevention of premature atrial, nodal or ventricular söi- 

ta oids peaks and valleys i aR pi asma levels during .. 5. factions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours. 

ow hich time the arrhy thmias may recur s Our. Before prescribing or administering, please refer to QUINAGLUTE fui! 


b < product information. 
'* maintains normal sinus rhy thm followi ing conversion 


oby other techniques 


ewell tolerated to enhance patient cooperation — a GOES] Maboratories, Inc. 
few G.I. disturbances 80. Wayne, New Jersey 07470 
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NOW AVAILABLE... 


THE AMERICAN JOURNAL OF CARDIOLOCY 
5 YEAR CUMULATIVE INDEX" 


Covers all material published in THE AMERICAN JOURNAL OF CARDIOLOGY from 
January 1968 through December 1972. 


e CLINICAL STUDIES 
e EXPERIMENTAL STUDIES 
e SYMPOSIA 
e REPORTS ON THERAPY 
e REVIEWS 
e SEMINARS 
e CASE REPORTS 
e DIAGNOSTIC SHELF 
e HISTORICAL MILESTONES 


Includes Author Index—and—Subject Index 


All subjects are cross indexed for quick and easy reference 


*There is a limited supply of the 10 Year Cumulative Index available—Janvary 1958 through 


December 1967. —Price $10.00. While supply lasts order both for only $15.00. 


Please use order form below. 











sme m C tiles Y UM CAESAR PORNO SP east Ratt AO ae | a bs nt tec TRAC SN DE 1 
| | 
| — THE AMERICAN JOURNAL OF CARDIOLOGY | 
| P. O. Box 1172, Radio City Station, New York, N. Y. 10019 | 
| | 
| Send me THE AMERICAN JOURNAL OF CARDIOLOGY Cumulative index or indexes | 
| as checked below. | 
| | 
| Enclosed is my check for $8 [ ] for 5 YEAR CUMULATIVE INDEX 1968-1972 | 
| Enclosed is my check for $10 [ ] for 10 YEAR CUMULATIVE INDEX 1958-1967 | 
| Enclosed is my check for $15 [_] for both the 5 and 10 YEAR CUMULATIVE INDEXES | 
| Name | 
| | 
| Address | 

| 
| City State us S S UD | 
| Please add appropriate sales tax if in New York State and New York City | 
| | 
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in paperback 

complete selections 

from Dr. Laragh's 

HYPERTENSION 
MANUAL 


SOON 


for 
your special interest 


HYPERTENSION-MECHANISMS Approx. 500 pages—$12.50 
HYPERTENSION-METHODS Approx. 120 pages—$7.50 
HYPERTENSION-RENIN SYSTEM, DRUG THERAPY AND DIET approx. 120 pages—$7.50 


Edited by John H. Laragh, M.D. 

of the College of Physicians and Surgeons 
Columbia-Presbyterian in New York 

The classic treatise for 

understanding, diagnosing and treating hypertension. 
The most definitive work on the subject to date. 


Order all three for $25.00 (a $2.50 savings) 
or order individually according to your information needs. 
Expected publication date—November/December. 


For fuil description 
of Laragh's HYPERTENSION MANUAL see page 78 


in paperback complete selections - 


©) from Laragh's HYPERTENSION MANUAL 


Please send me 1? Hypertension-Mechanisms for $12.50 
L1 Hypertension-Methods for $7.50 
LJ] Hypertension-Renin System, Drug Therapy & Diet for $7.50 
LJ All three for $25.00 





— | “1 Full Payment enclosed (save handling charges) (1 Bill me and add $1.00 for extra handling 
YORKE 
BOOKS ADDRESS an seh eL Mee aun dle ach E d tase te 


666 Fifth Avenue 
New York, New York 10019 c. "E A A E T 


Note Foreign orders add $2.00 for shipping 'in New York State add appropriate sales tax 
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Improved 
resolution 


Fluoroscopic images that let 
you see your way far more 
clearly in catheterization 
procedures is the immediate 
visible difference you'll note 
with the Fluoricon * 300 image 
system. This improved 
resolution is a result of a total 
system design incorporating a 
cesium iodide image tube 
(optional triple field), and 
television chain specifically 
designed for radiology. The 
result is a new standard of 
image quality for a wide choice 
of recording media, including 
video tape at both fluoro 

and enhanced levels. 








Larger format 
photospotting 


A GE 105 mm photospot 
camera can be integrated with 
the system as a perfect 
complement to cine. The 
camera produces images 
almost 4x4 inches large, for 
definitive diagnoses on any 
viewing box; even in surgery. 
Life-size images are also 
possible, using the intensifier s 
45 inch magnified mode. 


The 105 covers all rapid 
filming technics, and makes 
optimum use of all generator 
mA stations up to 1200 mA. 
With shorter exposure time and 
better stop motion. Exposure 
rates range from one frame 
every 2 seconds, through 12 


What you see 
hat you can 











Choice of 
cine systems 


The Fluoricon 300 system 
offers a choice of cine 
integration: 35 mm cameras; 
or Cine 180 that provides more 
than double the per-frame 
recording area compared with 
standard 16 mm cine, plus 
frame rates to 240 per second. 
Automatic exposure control 
permits operation at peak mA 


and optimum kilovoltage, with 
the shortest possible exposure 
time per cine frame. 


Let your GE representative 
give you an eye-opening 
demonstration with a short 
movie. Get in touch. 


General Electric 
Medical Systems, 
Milwaukee, Toronto, 
Liege, Madrid 


Fluoricon 300 
Image System 


GENERAL GO ELECTRIC 





frames per second. 
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EDITORIALS: 


Di Si Dolce Morte, James V. Warren 


LEWIS A. CONNER MEMORIAL LECTURE: 


The Cardiac Catheter and the American Heart Association. John T. Shepherd 


ORIGINAL ARTICLES: 


The Polyuria of Paroxysmal Atrial Tachycardia. Michael J. Kirney, Richard M, Stein, and Vincent A. DiScala 

Differences in Distribution of Myocardial Abnormalities in Patients with Obstructive and Nonobstructive Asymmetric 
Septal Hypertrophy (ASH): Ha and Electron Microscopic Findings. Barry J. Maron, Victor J. Ferrans, Walter L. 
Henry, Chester E, Clark, David R. Redwood, William C, Roberts, Andrew G. Morrow, and Stephen E. Epstein 

Differences in Distribution of Myocardial Abnormalities in Patients with Obstructive and Nonobstructive Asymmetric 
Septal Hypertrophy (ASH): Echocardiographic and Gross Anatomic Findings. Waiter L. Henry, Chester E. Clark, 
William C. Roberts, Andrew G. Morrow, and Stephen E. Epstein 

Coarctation of the Aorta: Longitudinal Assessment of Operated Patients, Arthur B. Simon and Alan E. Zeto 

Postoperative Follow-Up of Patients with Ventricular Septal Defect. Hugh D. Allen, Ray C. Anderson, George R. Noren, 
and James H. Moller l 

Computer Analysis of the Orthogonal Electrocardiogram in Mitral Stenosis. Abe Walstcn, Alexander Farley, and 
Hubert V. Pipberger 

We Anatomie Substrate of Complete Left Bundle Branch Block. Maurice Lev, Paul N. Unger, Kenneth M. Rosen, and 
aroja arati 

Retrograde invasion of the Bundle Rranches Producing Aberration of the QRS Complex During Supraventricular 
Torn arain Studied by Programmed Electrical Stimulation. Roworth A. J. Spurrell, Dennis M. Krikler, and Edgar 
3owton 

Concealed Retrograde Conduction in Complete Atrioventricular Block. Stafford I. Cohen, L. Kant Smith. Julian M. 
EE Panagiatos Voukydis, and Eugene Morkin 

Pacing the Human Cardiac Conduction System During Open-Heart Surgery. Joel Kuoersmith, Ehud Krongrad, Fred- 
erick O. Bowman, Jr., James R, Malm, and Albert L. Waldo 

The Efficacy of Antiarrhythmic Agents During Acute Myocardial ischemia and the Role of Heart Rate. Ronald R. 
Hove, David O. Williams, Nabil El-Sherif, Ralph Lazzara, and Benjamin J. Scherlag 

The Pathophysiology of Paroxysmal Atrioventricular Block After Acute Myocardial ischemia: Experimental and 
Sue bservations. Nabil El-Sherif, Benjamin J. Scherlag, Ralph Lazzara, Ronald Hope, David O. Wiliams, and 

iip Samet 

Ectopic Ventricular Prematurity and Its Relationship to Ventricular Tachycardia in Acute Myocardial Infarction in 
Man. Neil de Soyza, Joe K. Bissett, James J. Kane, Marvin L. Murphy, and James E. Doherty 

Role of Autonomic Nervous System in the Pathogenesis of Prinzmetal's Variant Form of Angina. Hirofumi Yasue, 
Masato Touyama, Mitsuomi Shimamoto, Hirofumi Kato, Satoru Tanaka, and Fumiya Akiyama 

A New Method for Radionuclide Imaging of Acute Myocardial Infarction in Humans. Robert W. Parkey, Frederick J. 
Bonte, Steven L, Meyer, James M. Atkins, George L. Curry, Ernest M. Stokely, and James T. Willerson 

Average Flow Per Unit Weight of Left Ventricle in Patients With and Without Coronary Artery Disease. Francis J. 
Klocke, ivan L. Bunnell, David G. Greene, Stephen M. Wittenberg, and John P. Visco 

Effect of Isoproterenol on Coronary Blood Flow in Pr8mary Myocardial Disease. Lawrence D. Horwitz, George C. 
Curry, Robert W, Parkey, and Frederick J, Bonte 

The Use of Heparin in Preventing Arterial Thrombosis after Percutaneous Cardiac Catheterization in Chiidren. 
Michael D. Freed, John F. Keane, and Amnon Rosenthal . 

Clofibrate Reversal of Platelet Hypersensitivity in Hyperbetalipoproteinemia. Angelina C. A. Carvalho, Robert W. 
Colman, and Robert S. Lees 

Echocardiographic Evaluation of Pulmonary Hypertension. Navin C. Nanda, Raymond Gramiak, Trevor I. Robinson, 
and Pravin M. Shah 

Anomalous Origin of the Left Coronary Artery from the Pulmonary Artery. William H. Neches, Robert A. Mathews, 
Sang C. Park, Cora C. Lenox, James R. Zuberbuhler, Ralph D. Siewers, and Henry T. Bahnson 

Anomalous Origin of One Pulmonary Artery from the Ascending Aorta: Diagnostic, Physiclogical and Surgical Con- 
siderations. John F. Keane, David Mahz, William F. Bernhard, Robert D. Corwin, and Alexander S. Nadas 

Complications of Cardiac Catheterization of Neonates, Infants, and Children: A Three Year Study. Paul Stanger, 
Michael A. Heymann, Harold Tarnoff, Julien I. E. Hoffman, and Abraham M. Rudolph 

dioses issue of the Human Left Ventricular: The "Parallel Elastic Element.’ Arieh Fester, Frank J. Hidner, and 

iip Samet 


CLINICOPATHOLOGIC CORRELATIONS: 


Unusudt Longevity in Persistent Common Atrioventricular Canal. Rajendra Tandon, James H. Moller, and Jesse E. 
wards 


RADIOLOGY: 


Clinical Dosimetry During the Angiographic Examination: Comments on Coronary Arteriography. Mark H. Wholey 


CASE REPORTS: 


Concealed Sinus Rhythm: A Cause of Misdiagnosis of Digitalis Intoxication. Henry DeMots, Michael T. b. Brodeur, 
and Shahbudin H. Rahimtoola 
Supraventricu ar Origin of Bidirectiona Tachycardia: Report of a Case. Stafford 1. Cohen and Panagiotis Vcukydis 


LETTERS TO THE EDITOR: 


Prinzmetal's Variant Angina. Rex N. MacAlpin . i 
Rancomizeg Trials vs Data Ranking. Leonard J. Lyon; Monty M. Tion; J. Frederick McNeer, C. Frank Starmer, Robert 
. Rosat 
Sphygmorecording for Assessing Thyroid Function. Simon Rodbard, R. T. Young, Devid Rodbard; Alfred F. Parisi, 
Bruce P. Hamilton, Ernest L. Mazzateiri 
Locker Room Language in Editorials. S. K. Asokan; Melvin P. Judkins 


BOOK REVIEWS 
NEWS FROM THE AMERICAN HEART ASSOCIATION 





ETHIE 
AMERICAN COLLEGE OF CARDIOLOGY EXTENDED LEARNING 


NOW YOU CAN PARTICIPATE IN A MONTHLY AUDIOTAPE 
PROGRAM EXCLUSIVE TO THE FIELD OF CARDIOLOGY 


This multimedia (tapes, slides, printed booklet) audio tape program includes 60 minutes of clinicalh 
oriented information on the art of diagnosis and treatment of cardiovascular disease to its subscriber: 
each month. The audio cassette tapes include recorded panel discussions interviews with notec 
authorities and self-assessment quizzes. In addition, 35 mm slides and a monthly personal continuing 
education notebook are supplied as a part of this professional service. 


Join the more than 4,500 subscribers who are listening each month. ACCEL'" TABLE OF CONTENT! 


Vol. 6, No. 9 September 1974 
Voice for ACCEL?” — E. Grey Dimond, M.D, 
Side 1 


What Long-Term Results from Surgery fram Congenital 
Heart Disease? l 

jane Somerville, M.D. and Suzanne B. Knoebel, M.D, 
The Clinician aj the Bed isicle 

Robert O. Brandenburg, M.D.. George C. Griffith, M.D., 

William Likoff, M.D. and Alfred Soffer , MD. 
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Available directly from the AMERICAN COLLEGE OF CARDIOLOGY 


Please enter my one year (12 issues! subscription to ACCEL™ 


| enclose $ for the plan checked below: 





PLAN A 
CASSETTE TAPES WITH 
GENERAL ELECTRIC PLAYER/RECORDER 
C] ACC member, $105 
[] Non-member, $115 
(U.S. Funds) 
PLAN B 
CASSETTE TAPES ONLY 
[m ACC member, $60 
[] Non-member, $70 
(U.S. Funds) 


Side 2 
The Clinician a?! the Bec & ide 
continued [roms Side l 
External Assisted Circulation 
Harry Soroff, ALD. and James H. Geizen, M.D. 
A Report from the Gaza Strip 
Alfred Soffer, M.D. 
Electrocardiogram of the Month 
Hughes W. Day, M.D. and lames E. Crockett, M.D. 


E. Grey Dimond, M.D pee E. Crockett, M.D 


Edstor-in-Chief Assoceate Edsror 
B. L. Martz, M.D. Suzanne B. PI MD 
Associate Editar Associate Edita 


James H. Geien, M.D. 
Associate Edztor 


Edstori-at-Large 
Murray S. Hoffman, M.D. Herbert D. Rutrenberg, M.D 
Robert W. Oblath, M.D. Alfred Sotfer, MD. 
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Check made payable, to. the American College of Cardiology should 
accompany this application and be forwarded ta; ACCEL”, American 
College of Cardiology, 9650 Rockville Pike, Bethesda, Martine 20014. 
Payment in full must accompany all subscription orders. 








Cardio Diagnost 
Makes A Great U-Turn. 





Cardiac angiography can be performed by patient transfer system! 
rotating the x-ray beam around the patient — For a safe, efficient U-turn, especially in 
while he remains comfortably stationary. heavy patient traffic, consider Philips’ Cardio 
What it takes is a perfect U-turn. And a Diagnost. It's unique in cardiac angiography. 
rotating U-arm. In short, it takes Philips' Write us for details. 


Cardio Diagnost, designed to let you do 


cardiac angiography more efficiently and PHILIPS MEDICAL SYSTEMS, INC. 


conveniently than ever before. A stationary A NORTH AMERICAN PHILIPS COMPANY 
patient helps make that possible. 710 Bridgeport Avenue, Shelton, Conn. 06484 
So does simple, smoothly effected scanning. 
You can scan close to the chest 
wall in any patient plane — with 
just one hand. In every plane, at 
every turn, Philips' image quality 
is the finest possible. 
The Cardio Diagnost also 
offers a startling improvement 
in patient handling. The 
examination table — actually a 
mobile cart — provides a built-in 


PHILIPS 


® TM N.V. Philips of Holland 
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for clinical 
applications 


e Designed for clinical O.R. 
or cath lab use 


€ Easily applied handle- 
type probe 


€ Patient safety assured 
through isolation circuitry 


€ Simple to operate - 
minimum controls - direct 
meter readout in milliliters 
per minute 





Biotronex Laboratory, Inc. 


FLOW 
PROBES 


for 
clinical 
applications 


€ Convenient, handle-ty pe 
probe with positive 
capture slide 


€ Designed for O.R. and 
cath lab use 


€ For rapid analysis of 
flow through exposed 
blood vessels 


€ Use with Biotronex 
clinical blood flowmeter 


$ 
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FLOW 
PROBES 


for 


bypass 
applications 


@ Use with heart-lung 
machine, artificial kidney 
or similar systems 


€ Iron core construction 
provides high sensitivity 
and accuracy 

€ Operates with BLI 


research and clinical 
blood flowmeters 


€ Available in sizes to fit 
most tubing 





You expect a lot 
from a pacemaker 
with a 36 month 

. full replacement 
warranty. 


And you get a lot 
from the IDP-54: 


An implantable R-wave- 
inhibited pacemaker for 
intracardial and myocardial 
stimulation for a low, con- 
stant stimulation threshold.* 


Low energy consuming 
circuitry and the new Mallory 
cell producing up to 4 to 5 
years operating life. 


36 month full replacement 
warranty. 


Suitability for initial implant 
or implantation in patients 
with existing implanted 
electrode systems. 


* The implantation of an R-wave- 
inhibited pacemaker has been well 
proven in the following cases: 
intermittent AV block with 
predominant sinus rhythm, recurrent 
bradycardia and second implantation 
to replace a fixed rate pacemaker 
with virtual return to sinus rhythm. 


Get to know Biotronik, the 
pacemakers known for quality. 


- BIOTRONIK SALES, INC. 
= 9228 4th Street North, 
St Petersburg, Florida 33702. 


wg | (813) 576-5142 
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for oral replacement 
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AMA Drug Evaluations 1971, First Edition, 
Chicago, American Medical Association, p. 121. 


Kay Ciel Elixir is 





j 


COMPOSITION: Each 15 cc. (one table- 
spoonful) contains potassium chloride 1.5 
Gm., supplying 20 mEq. of elemental 
potassium, in a cherry-flavored, palatable 
base, alcohol 496. Contains no sugar. 
INDIGATIONS: Treatment o* potassium 
deficiency occurring especially during 
thiazide diuretic or corticosteroid therapy, 
digitalis intoxication, low dietary intake 

of potassium or as a result of excessive 
vomiting and diarrhea. 
CONTRAINDICATIONS: Impaired renal 
function, untreated Addison's Disease, 
dehydration, heat cramps, and hyper- 
kalemia. 

PRECAUTIONS: Potassium chloride 
should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patient, since the amount of defi- 
ciency and corresponding daily dose is 


often not known. Excessive or even thera- 
peutic dosaces may resu t in potassium 
intoxication. Patients should be frequently 
checked and periodic ECG and/or plasma 
potassium levels made. Figh plasma con- 
centrations cf potassium ion may cause 
cardiac depression, arrhythmias or arrest. 
Use with caution in patients with cardiac 
disease. In hypokalemic states, attention 
should be directed toward the correction 
of the frequently associated hypochloremic 
alkalosis. 

SIDE EFFECTS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listlessness, mental 
confusion, paresthesia cf the extremities, 
weakness of the legs, flaccid paralysis, 

fall in blood pressure, cardiac arrhythmias, 
and heart block. When hyoerkalemia 


otassium chloride... 
astes good too! 


exists, it should be promptly treated with 
the discontinuance of potassium adminis- 
tration or other steps to lower serum levels 
if indicated, since sudden shift in plasma 
levels may induce potentially dangerous 
cerdiac arrhythmias. 

DOSAGE AND ADMINISTRATION: Adults, 
one tablespoonful (15 cc.) diluted in one 
class of water, twice daily after the 
morning and evening meal. Larger doses 
may be indicated according to the indi- 
vidual patient's requirements bu: should 
be administered uncer close supervision 
cue to the possibility of potassium intoxi- 
cation. Patients should be cauticned to 
follow directions explicitly in regard to 
cilution of Kay Ciel Elixir to prevant 
gastrointestinal injury. 

HOW SUPPLIED: One pint and ane gallon 
bottles. 


(Cope! Cooper Laboratories, Inc., Wayne, N.J. 07470/Ste. Therese, P.Q., Canada 
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Studies on Left Ventricular Function 
Radionuclide Angiocardiography and Ultrasonic Contrast Methods 
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The more physicians 
consider the hemodynamics of 
lowering blood pressure... 


Most physicians now agree on 
the importance of reducing 
blood pressure in the hyper- 
tensive patient. But high blood 
pressure exists, of course, only 
as part of a complete clinical 
picture. The hemodynamic 
profile of well-established es- 
sential hypertension is charac- 
terized by elevated arterial 
blood pressure, normal cardiac 
output, and increased total 
peripheral resistance. 

And so, physicians are increas- 
ingly concerned with the ef- 
fects of an antihypertensive 
agent not only on blood pres- 


Sure itself but also on the 
hemodynamic pattern—in 
Short, with the total effect of 
the drug. Does it indeed help 
lower blood pressure effec- 
tively? /s peripheral resistance 
reduced? Are cardiac output 
and renal functions main- 










tained? And, also, is there 
likely to be drug-induced pos- 
tural hypotension serious 
enough to pose a threat to the 
patient’s cerebrovascular 
Status? 

With this emphasis on overall 
drug performance has come a 
growing reliance on ALDOMET® 
(Methyldopa, MSD) in the 
treatment of sustained moder- 
ate hypertension. 

With its unique hemodynamic 
profile, ALDOMET has drawn 
increasing attention and ap- 
proval from physicians. First, 


[WW | of course, for its efficacy in 
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. the more physicians rely 
on this unique 
antihypertensive 








lowering blood pressure. But 
there are other considerations 
as well. Cardiac output is usu- 
ally maintained with nocardiac 


acceleration; in some patients 72 


the heart rate is actually 


slowed. Peripheral resistance [— 


is apparently reduced. 
ALDOMET does not usually 
compromise existing renal 
function; it generally does not 
reduce renal blood flow, glo- 
merular filtration rate, or fil- 
tration fraction. And ALDOMET 
usually does not cause sympto- 
matic postural or exercise 
hypotension. 


In most cases of sustained moderate hypertension 





TABLETS, 250 mg and 500 mg 





smoothly lowers blood pressure 


For a brief summary of prescribing information, 


please see following page. 


ALDOMET 


(METHYLDOPA | MSD) 








Contraindications include active 
hepatic disease and known sen- 
sitivity to the drug. Use with 
caution in patients with a history 
of liver disease or dysfunction. 
Not recommended in pheochro- 


| mocytoma or pregnancy. 


It is important to recognize that 


| a positive Coombs test, hemo- 


lytic anemia, and liver disorders 
may occur with methyldopa ther- 
apy. The rare occurrences of he- 
molytic anemia or liver disorders 
could lead to potentially fatal 
complications unless properly 
recognized and managed. For 
more details see the brief sum- 
mary of prescribing information. 
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a ommended in pregnancy. In women of childbearing 
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emia, and liver "A 
dopa therapy. The 
c anemia or liver dis- 
u intially fatal complications 
co i managed. Read this 
ily to understand these reactions. 


nged methyldopa: therapy, 10% to 20% 
| develop a positive direct Coombs test, 
tween six and twelve months of therapy. 
idence is at daily dosage of 1 g or less. 
m fare occasions may. be associated with 
emolytic anemia, which could. lead to potentially 
atal complications. One cannot predict which 

atients with a positive direct Coombs test may de- 
velop hemolytic anemia. Prior existence or devel. 
it of a positive direct Coombs test is not in 
contraindication to use of methyldopa. If a 
oombs test develops during methyldopa 
y, determine whether hemolytic anemia ex- 
and whether the positive Coombs test may be 
oblem. For example, in addition to a positive 
Coombs test there is less often a a positive 
indirect Coombs test which may interfere with 
cross matching of blood, 


At the start of methyldopa therapy, it is desirable 
to de a blood count (hematocrit, hemoglobin, or 
red cell count) for a baseline or to establish 
whether there is anemia. Periodic blood counts 
should be done during therapy to detect hemolytic 
anemia. it may be useful to do a direct Coombs 
test before therapy and at six and twelve months 
after the start of therapy. 1f Coombs-positive hemo- 
lytié anemia occurs, the cause may be met Lhe 
and the drug should be discontinued. Usually the 
anemia remits promptly. If not, corticosteroids 
may be given and other causes of anemia should 
be considered. If the hemolytic anemia is related 
to methyldopa, the drug should not be reinstituted. 
When methyldopa causes Coombs positivity alone 
or with hemolytic anemia, the red cell is usually 
coated with gemma globulin of the IgG (gamma G) 
class only. The positive Coombs test may not re- 
vert to normal until weeks to months after meth- 
yldopa is stopped. 


Should the need for transfusion arise in a patient 
‘receiving methyldopa, both a direct and an indirect 
Coombs test should be performed on his blood. In 
the absence of hemolytic. anemia, usually only the 
direct Coombs test will be positive. A positive di- 

mbs test. alone will not: interfere with 












































ylems: may arise in the 
a fores of a hema- 


ee tles of 100 and 1000; Tablets, containing 500 m 06 
‘af. methyldopa each, in single-unit packages of 10 
re. and bottles of 100. i" aint, Pa 
hy c For more detailed information, consult your MSD ‘| of this 
f representative or see Tull. M pig ze 


0 ; b Vest Paint, Pa, 19486 


age, weigh potential benefits against possible | 


fetal hazards. 
Precautions: Methyldopa may interfere with mea- 


surement of: uric acid by the phosphotungstate | 


method, creatinine by the alkaline picrate method, 
and SGOT by colorimetric methods. e methyl- 


dopa causes fluorescence in urine samples at the | 


same wavelengths as catecholamines, spuriously 
high levels of urinary catecholamines may be re- 
ported. This will interfere with the diagnosis of 
pheochromocytoma, Stop drug if involuntary cho- 
reoathetotic movements occur in patients with 
severe bilateral cerebrovascular disease. Patients 
may require reduced doses of anesthetics; hypo- 
tension occurring during anesthesia usually can be 
controlled with vasopressors. Hypertension has oc- 
curred after dialysis in patients on methyldopa 
because the drug is removed by this procedure. 


Adverse Reactions: Sedation, usually transient, may 
be seen during initial therapy or when dosage is 
increased, Headache, asthenia, er weakness may 
be noted as early, transient symptoms. Symptoms 
associated with effective lowering of blood pres- 
sure are occasionally seen and include dizziness, 
lightheadedness, and symptoms of cerebrovascular 
insufficiency. Angina pectoris may be aggravated. 
symptoms of orthostatic hypotension may occur; 
if symptoms occur, reduction of dosage is sug 
gested. Bradycardia, nasal stuffiness, mild dryness 
of mouth, and gastrointestinal symptoms including 
distention, constipation, flatus, aad diarrhea occur 
occasionally; these generally can be relieved by 


reducing dosage. Nausea and vorniting have been | 


reported in only a few patients. Sore tongue or 


“black tongue,” pancreatitis, and inflammation of | 


salivary glands may occur. 


Weight gain and edema occur infrequently and are 
relieved by administering a thiazide diuretic; if 
edema progresses or signs of pulmonary conges- 
tion appear, discontinue drug. A rise in BUN has 
been observed. Other rare reactions include breast 
enlargement, lactation, impotence, decreased 
libido, skin rash, mild arthralgia, myalgia, pares- 


thesias, Bell’s palsy, parkinsonism, psychic dis- | 


turbancés including nightmares, reversible mild 
psychoses or depression. Urine exposed to air 
after voiding may darken because of breakdown of 
methyldopa or its metabolites. 


Note: Dosage should be limited initially to 500 mg 
daily when following previous antihypertensive 
agents other than thiazides. Maximal recommended 
daily dose is 3.0 g. Patients with impaired renal 
function may respond to smaller doses than pa- 
tients with normal kidney function. Syncope in 
older patients has been related to increased sensi- 
tivity in those with advanced arteriosclerotic vas- 
cular disease; this may be avoided by lower doses. 
Tolerance occasionally seen either early or fate, 
but more likely between second and third month 
after initiation of therapy; increased dosage or 
combined therapy with a thiazide frequently re- 
stores effective control. 


How Supplied: Tablets, containing 250 mg methyl. 


dopa each, in single-unit packages of 100 and bot- 
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"Required 
Reading" 
ForYour . 

Hypertensive 

Patients 


Because of the importance of | 
patient motivation, Merck | 
Sharp & Dohme offers “High | 
Blood Pressure,” a concise, 2 
pocket-sized bocklet that 

defines the patient's own role 

in the management of hyper- 
tension. This booklet is avail- 

able for you to give to your 

patients. It is designed to 

reinforce your explanation of... 
hypertension and it emphasizes _ 
the importance of patient e 
understanding in adhering to. 

the regimen you presens | 


Please ask your Merck Sharp & m 
Dohme Professional: B pit " 
tative or write Professional =~ 
, West. | 
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Hyperlipidemia i 
one of several factors | searc 
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Complete lipid work-up should indude — Vers dnd epos 
both cholesterol and triglyceride determinations 


Testing for both lipids—rather than just for cholesterol alone—increases 
the chances of detecting hyperlipidemia from 60% to over 9596.? 









Presence of lipid deposits Lab results indicate pattem 

a diagnostic clue cus senilis. Cholesterol may be deposited of lipid abnormality 

Although clinical manifestations of m SISSUE and appear as tiny xanthoma- Electrophoretic analysis of the specific 
hyperlipidemia per se are relatively un- tous eruptions on the palm te tuberous ipoprotein pattern is essential toa 
common, severe cases often can be xanthomas on the extremities. letermination of the type of lipid abnor- 
detected by careful observation. Eyelids mality and selection of proper dietary 
may evidence xanthelasmas. Corneas management. 


AN IMPORTANT NOTE: It has not been established whether the drug-induced lowering of serum cholesterol or lipid levels has a detrimental, 


beneficial, or no effect on the morbidity or mortality due to atherosclerosis or coronary heart disease. Several years will be required before current 
investigations will yield an answer to this question. 








Along with early hypertension, exces- 
sive cigarette smoking and dietary 
indiscretions, it is one of the few mani- 
'estations of modern society that an 
individual physician can attempt to 
control.” 1 

This is how one clinician views hyper- 
ipidemia—a condition widespread in 
America today. 





ond importance of 
lowering elevated a levels 


key to patient compliance 


In recognition of the alarmingly high 
incidence of hyperlipidemia, many phy- 
sicians now routinely screen patients 

for elevations of cholesterol and/or tri- 
glycerides. Evaluation of both lipids is 
recommended by authorities as essential 
for diagnostic accuracy. Of every 10 
patients with hyperlipidemia, only 6 may 
be detected by measuring cholesterol 
alone.? But more than 9 out of 10 may be 
detected by measuring both cholesterol 
and triglycerides.? 

Based on this dramatic difference in 
detection rates, Fredrickson and asso- 
ciates? conclude: "... no clearer argu- 
ment need be presented for the use of 
both a cholesterol and a triglyceride 
determination." 


»rand vigorously treat: 


When initial determinations of fast- 
ing serum cholesterol and triglyceride 
levels indicate the presence of hyperlipi - 
demia, the pattern of the lipid abnor- 
mality should also be determined.? 
Hyperlipidemia may be confirmed by 
subsequent cholesterol and triglyceride 
determinations.‘ 

If persistent lipid elevations are dem- 
onstrated, the next step is to rule out 
(through history, physical examination, 
and appropriate laboratory tests) under- 
lying disease states that may be involved. 

Effective treatment of these patho- 
logic conditions, which include insulin- 
dependent diabetes mellitus, myxedema, 
nephrosis and dysglobulinemias,5 often 
will return the elevated lipids to a nor- 
mal range. 





eray begins-but does not 
necessarily end- with specific 
dietary recommendations 
Screening of other family members may 
be useful in confirming the diagnosis of 
one of the known familial types of pri- 
mary hyperlipidemia as well as in un- 
covering a new case, especially in young 
relatives.? 

Diet (specific for the lipid abnormal- 
ity) is the starting point in the manage- 
ment of primary hyperlipidemia. In one 
form of the condition (the relatively 
rare TypeI hyperlipoproteinemia), diet 


Hyperipidemic/Atromid-S 


(c lofi brate) 





ad 


is the only therapy since currently avail- 
able drugs are ineffective. But in the 
drug-responsive forms (Types IIa, IIb, 
III, IV, and V) diet alone may fail to 
bring about the required lipid reduction. 
Convincing the asymptomatic hyper- 
lipidemic patient to give up his favorite 
foods for benefits he cannot feel is, at 
best, a difficult task. Even under care- 
fully monitored dietary regimens, lipid 
lowering may be inadequate.‘ 





Drugs are often necessary 
as an adjunct to diet 


For these reasons, it is often necessary to 
add an antilipidemic agent to the dietary 
regimen to produce a significant reduc- 
tion in serum lipids. And since many 
hyperlipidemic patients exhibit eleva- 
tions of cholesterol and triglycerides, 
they need a drug such as Atromip-S 
(clofibrate), which has the ability to 
lower both lipids. 

The real problem a physician faces in 
treating hyperlipidemia lies in motivat- 
ing asymptomatic patients to follow the 
prescribed regimen—whether diet alone 
or diet plus drug—as conscientiously as 
they should for as long as they should. 

And this means that the patient must 
be made to understand why it is impor- 
tant for his lipid levels to be lowered. If 
that is done convincingly, it can play a 
major rolein ultimate therapeutic success. 


See last page of advertisement for prescribing information. 
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tohelp control the lipid facto 





RESPONSE OF SERUM CHOLESTEROL AND TRIGLYCERIDES TO CLOFIBRATE THERAPY ® 
(34 diet-resistant hyperlipidemic patients treated 6 months to 3 years) 


5 Patients 
(mg.%) 375 
350 


50 
25 
0 
6 Months 
SS CHOLESTEROL 


1 Patient 


6 Patients 9 Patients 





1 Year 112 Years 2 Years 


ES TRIGLYCERIDES 


2 Patients 


11 Patients 


~ 


3 Years 


21⁄2 Years 





Atromid-S significantly reduces cholesterol and triglycerides 


even in diet-resistant patients’ 
ATROMID-S (clofibrate) as an adjunct to 
diet has a proven record of effectiveness 
in lowering serum elevations of both 
cholesterol and triglycerides. 
Cholesterol levels above 250 mg.% 
have decreased as much as 3596, and re- 
ductions up to 5096 have been reported.5-? 
Triglyceride levels above 150 mg.% have 
decreased as much as 61%, and reduc- 
tions up to 90% have been reported.*°? 
Although most hyperlipidemic pa- 
tients are asymptomatic, a small number 
may exhibit skin lesions or xanthomas. 
Regression of xanthomatous lesions with 


ATROMID-S visually demonstrates the 
efficacy of this lipid-lowering agent. In 
some patients xanthomas disappear com- 
pletely. In others the size and number of 
lesions are reduced. 

Reliable cholesterol- and triglyceride- 
lowering effect is sustained as long as 
ATROMID-S treatment is uninterrupted. 
This ability to maintain control of serum 
lipids for extended periods is of primary 
importance in treating a disorder as 
persistent as hyperlipidemia. 

ATROMID-S is effective in a simple, 
well-accepted regimen that patients can 


Adapted from Gelfand and Garber Exhi 


stay with. Initial and maintenance dos 
ageis 2 Gm. daily, in divided doses. Sor 
patients may respond to a lower dosag 
To maintain continuous control of lipic 
levels, therapy should be uninterrupte 
The lipid-lowering effect of ArRoMID 
(clofibrate) is usually noted during the 
first month of therapy. The higher the ir 
tial level, the greater the lipid reductio: 
If response is inadequate after three 
months of therapy, the drug should be 
discontinued. However, if xanthoma 
tuberosum is present, treatment shouk 
continue for longer periods (even up tc 





ne year) provided there is a reduction 
t the size and/or number of the 
anthomas. 

Throughout more than ten years of 
tidespread use, ATRomiD-S has proven 
bea very well-tolerated drug. How- 
ver, before prescribing, you should be 
Yoroughly familiar with the possible 
dverse reactions as well as with the 
recautions and warnings described on 
1e last page of this advertisement. 

Once blood lipids have been stabilized 
t normal levels on a regimen of diet 
nd Atromip-S, the patient should be 
xamined and his blood lipids tested 
very two to three months during the first 
ear or so. If stabilization is maintained 
ver this period, the intervals between 
isits and "idis can be lengthened. 





rood physician-patient 
ouo i ynicor-gon keep the 
atient motivated 


The patient's greatest need over the 
ng haul of therapy is for reassurance 
at he is continuing to make progress.!? 
good physician-patient relationship is 
erefore essential to the continued suc- 
ss of the treatment program. 


Hyperlipidemic/At 


Continuous treatment, 
maintenance of daily dosage 


vital for long term lipid control 


Importance of uninterrupted therapy | 
shown in responses of 3 patients to 
cessation and reinstitution of clofibrate9 
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Adapted from Gelfand and Garber Exhibit.® 
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romid -S | Ayerst. 


1your patient's profile 





Periodic follow-up important 





IF GIVEN IN CONJUNCTION WITH 
ANTICOAGULANTS 

WARNING: CAUTION SHOULD BE EXER- 
CISED WHEN ANTICOAGULANTS ARE 
GIVEN IN CONJUNCTION WITH ATROMID-S. 
THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED USUALLY BY ONE- 
HALF (DEPENDING ON THE INDIVIDUAL 
CASE) TO MAINTAIN THE PROTHROMBIN 
TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE 
ADVISABLE UNTIL IT HAS BEEN DEFI- 
NITELY DETERMINED THAT THE PRO- 
THROMBIN LEVEL HAS BEEN STABILIZED. 


See following page of advertisement for prescribing information. 
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Atromid-S (clofibrate). 
helps control the lipid factor 
in your patient's profile 


NEW SIMPLIFIED DOSAGE SAMPLE R* 





*Initial and maintenance dosage is 2 Gm, daily, in divided doses. Some patients 
may respond to a lower dosage. 

BRIEF SUMMARY 

(For full prescribing information, see package circular.) 
ATROMID-S® (clofibrate) 

Antilipidemic agent for reduction of elevated serum lipids 


INDICATIONS: Arromip-S is indicated as adjunctive therapy to diet and 
other measures for the reduction of elevated serum cholesterol (especially the 
beta lipoprotein fraction) and/or triglycerides. Clofibrate appears to have a 
greater depressant effect on the very low density lipoproteins (St 20-400) 
rich in triglycerides than the low density lipoproteins (Sr 0-20) rich in 
cholesterol. 

ATROMID-S is also indicated for treatment of patients with xanthoma tuberosum 
associated with hyperlipidemia. The skin lesions frequently regress with 
clofibrate. 

It has not been established whether the drug-induced lowering of serum 
cholesterol or lipid levels has a detrimental, beneficial, or no effect on the 
morbidity or mortality due to atherosclerosis or coronary heart disease. Sev- 
eral years will be required before current investigations will yield an answer 
to this question. 

CONTRAINDICATIONS: Clofibrate is contraindicated in pregnant women. 
While teratogenic studies have not demonstrated any effect attributable to 
clofibrate, it is known that serum of the rabbit fetus accumulates a higher 
concentration of clofibrate than that found in maternal serum, and it is pos- 
sible that the fetus may not have developed the enzyme system required for 
the excretion of clofibrate. 

It is contraindicated in lactating women since it is not known if clofibrate 
is secreted in the milk. 

It is contraindicated in patients with clinically significant hepatic or renal 
dysfunction. 

It is contraindicated in patients with primary biliary cirrhosis since it may 
raise the already elevated cholesterol in these cases. 

WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH ATROMID-S. THE DOSAGE 
OF THE ANTICOAGULANT SHOULD BE REDUCED USUALLY BY ONE- 
HALF (DEPENDING ON THE INDIVIDUAL CASE) TO MAINTAIN THE 
PROTHROMBIN TIME AT THE DESIKED LEVEL TO PREVENT BLEEDING 
COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE 
ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE 
PROTHROMBIN LEVEL HAS BEEN STABILIZED. 

Strict birth control procedures must be exercised by women of childbearing 
potential. In patients who plan to become pregnant, clofibrate should be with- 
drawn several months before conception. Because of the possibility of preg- 
nancy occurring despite birth control precautions in patients taking clofibrate, 
the possible benefits of the drug to the patient must be weighed against pos- 
sible hazards to the fetus. 

PRECAUTIONS: Before instituting therapy with clofibrate, attempts should 
be made to control serum lipids with appropriate dietary regimens, weight 
loss in obese patients, control of diabetes mellitus, etc. 

Because of the long term administration of a drug of this nature, adequate 
base line studies should be performed to determine that the patient has 
significantly elevated serum lipid levels. Frequent determinations of serum 
lipids should be obtained during the first few months of Atromip-S adminis- 
tration, and periodic determinations thereafter. The drug should be withdrawn 
after three months if response is inadequate. However, in the case of xanthoma 
tuberosum, the drug should be employed for longer periods (even up to one 
year) provided that there is a reduction in the size and/or number of the 
xanthomata. 

Subsequent serum lipid determinations should be done to detect a paradoxical 
rise in serum cholesterol or triglyceride levels. Clofibrate will not alter the 
seasonal variations of serum cholesterol peak elevations in midwinter and late 
summer and decreases in fall and spring. If the drug is discontinued, the pa- 
tient should be placed on an appropriate hypolipidemic diet, and his serum 
lipids should be monitored until stabilized, as a rise in these values to or 
above the original base line may occur. 

During clofibrate therapy, frequent serum transaminase determinations and 
other liver function tests should be performed since the drug may produce 
abnormalities in these parameters. Hepatic biopsies are usually within normal 
limits. These effects are usually reversible when the drug is discontinued. If 
the hepatic function tests steadily rise or show excessive abnormalities, the 
drug should be withdrawn. Therefore use with caution in those patients with 
a past history of jaundice or hepatic disease. 





Clofibrate may produce “flu like’ symptoms (muscular aching, soreness, 
cramping). The physician should differentiate this from actual viral and/or 
bacterial disease. , l | 
Use with caution in patients with peptic ulcer since reactivation has been 
reported. Whether this is drug-related is unknown. 
Complete blood counts should be done periodically since anemia, and more 
en ceee aiai o have been reported in patients who have been taking 
clofibrate. 
Various cardiac arrhythmias have been reported with the use of clofibrate. 
Several investigators have observed in their studies that clofibrate may pro- 
duce a decrease in cholesterol linoleate but an increase in palmitoleate and 
cleate, the latter being considered atherogenic in experimental animals. The 
significance of this finding is unknown at this time, 
ADVERSE REACTIONS: Of the pertinent reactions, the most common is 
nausea. Less frequently encountered gastrointestinal reactions are vomiting, 
loose stools, dyspepsia, flatulence, and abdominal distress. Reactions reported 
less often than gastrointestinal ones are headache, dizziness, and fatigue; mus- 
cle cramping, aching, and weakness; skin rash, urticaria, and pruritus; dry 
brittle hair, and alopecia. 
The following reported adverse reactions are listed alphabetically by systems: 
Cardiovascular 
Increased or decreased angina 
Cardiac arrhythmias 
Both swelling and phlebitis at site of xanthomas 
Dermatologic 
Skin rash 
Alopecia 
Allergic reaction including urticaria 
Dry skin and dry brittle hair 
Pruritus 
Gastrointestinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, flatulence, abdominal distress) 
Hepatomegaly (not associated with hepatotoxicity) 
Vomiting 
Stomatitis and gastritis 
Genitourinary 
Impotence and decreased libido 
Findings consistent with renal dysfunction as evidenced by dysuria, hema- 
turia, proteinuria, decreased urine output. One patient’s renal biopsy sug- 
gested “allergic reaction.” 
Hematologic 
Leukopenia 
Potentiation of anticoagulant effect 
Anemia 
Eosinophilia 
Musculoskeletal 
Myalgia (muscle cramping, aching, weakness) 
“Flu like" symptoms 
Arthralgia 
Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 
Miscellaneous 
Weight gain 
Polyphagia 
Laboratory Findings 
Abnormal liver function tests as evidenced by increased transaminase 
(SGOT and SGPT), BSP retention, and increased thymol turbidity 
Proteinuria 
Increased creatine phosphokinase 
Reported adverse reactions whose direct relationship with the drug has not 
been established: peptic ulcer, gastrointestinal hemorrhage, rheumatoid arthri- 
tis, tremors, increased perspiration, systemic lupus erythematosus, blurred 
vision, gynecomastia, thrombocytopenic purpura. 
DOSAGE AND ADMINISTRATION: Initial: The recommended dosage for 
adults is 2 Gm. daily, in divided doses. Some patients may respond to a lower 
dosage. Maintenance: Same as for initial dosage. Note: In children, insufficient 
studies have been done to show safety and efficacy. 
DRUG INTERACTIONS: Caution should be exercised when anticoagulants 
are given in conjunction with ATROMiD-S (clofibrate). The dosage of the antico- 
agulant should be reduced usually by one-half (depending on the individual 
case) to maintain the prothrombin time at the desired level to prevent bleeding 
complications, Frequent prothrombin determinations are advisable until it has 
been definitely determined that the prothrombin level has been stabilized. 
MANAGEMENT OF OVERDOSAGE: While there has been no reported case 
of overdosage, should it occur, symptomatic supportive measures should be 
taken. 
HOW SUPPLIED: Arromip-S—No. 243—Each capsule contains 500 mg. clofi- 
brate, in bottles of 100. 
References: 1. La Bree, J., M.D. (Director of Medical Education, St. Mary’s 
Hosp., Minneapolis, Minn.): Unraveling the Metabolic Mysteries Affecting 
Diagnosis and Therapy, Ayerst Laboratories, 1972, p. 13. 2. Fredrickson, D. S., 
et al., in Holmes, W. L., Carlson, L. A., and Paoletti, R.: Drugs Affecting Lipid 
Metabolism, New York, Plenum Press, 1969, vol. 4, p. 314. 3. Levy, R. L, in 
Conn, H. F.: Current Therapy 1973, Philadelphia, Saunders, 1973, p. 267. 
4. Parsons, W, B., Jr.: Clin. Med. 78:15 (Nov.) 1971. 5. Azarnoff, D. L., and 
Huffman, D. H.: Clinical Education, Sept. 1973, pp. 43-17. 6. Gelfand, M. L., and 
Garber, M.: Exhibit, American College of Cardiology Meeting, New Orleans, 
La., Feb. 21-Mar. 1, 1970. 7. Berkowitz, D.: J.A.M.A. 218:1002 (Nov. 15) 1971. 
8. Zelis, R., et al.: J. Clin, Invest. 49:1007 (May) 1970. 9. Levy, R. L, and 
Fredrickson, D. S,: Am. J. Cardiol. 22:576 (Oct.) 1968. 10. Kuo, P. T., Rose, H. G., 
and Zelis, R. F.: Patient Care 7:82 (June) 1973. 
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Beat after beat...day after day 


To convert...to MAINTAIN normal sinus rhythm 


After conversion of cardiac arrhythmias — whether with CARDIOQUIN Tablets or some other current method — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate salt of quinidine is required in most cases to 


maintain normal sinus rhythm. 


Well-tolerated, CARDIOQUIN Tablets are particularly suited for maintenance therapy, since the polygalactur- 
onic acid serves as a buffering moiety. It protects the mucosa of the stomach and permits dependable 


absorption of the quinidine.* 


* Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY —INDICATIONS: CARDIOQUIN 
Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of: premature atrial and 
ventricular contractions; paroxysmal atrial tachy- 
cardia; paroxysmal AV junctional rhythm; atrial 
flutter; paroxysmal atrial fibrillation; established 
atrial fibrillation when therapy is appropriate; 
paroxysmal ventricular tachycardia when not as- 
sociated with complete heartblock; maintenance 
therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: 
Aberrant impulses and abnormal rhythms due to 


escape mechanisms should not be treated with 
quinidine. WARNING: In the treatment of atrial 
flutter reversion to sinus rhythm may be pre- 
ceded by a progressive reduction in the degree 
of AV block to a 1:1 ratio and resulting extremely 
rapid ventricular rate, COMPOSITION: Each 
CARDIOQUIN Tablet (quinidine polygalacturo- 
nate 275 mg.) is equivalent in quinidine content 
to 3 grains quinidine sulfate, DOSAGE AND AD- 
MINISTRATION: Dosage must be adjusted to 
individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be 


used to terminate arrhythmias, and may be re- 
peated in 3-4 hours. If normal sinus rhythm is not 
restored after 3 or 4 equal doses, the dose may 
be increased by V2 to 1 tablet (137.5 to 275 mg.) 
and administered three to four times before any 
further dosage increase. For maintenance, one 
tablet may be used two to three times a day; 
generally one tablet morning and night will be 
adequate. SUPPLIED: Uncoated, scored tablets 


in bottles of 50. Purdue Frederick 
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CLINICAL STUDIES 


627 Relation of Left Ventricular Shape, Function and Wall Stress in Man 
K. LANCE GOULD, KIRK LIPSCOMB, GLEN W. HAMILTON and J. WARD KENNEDY 


These results in 122 patients with various heart diseases studied by biplane angiography and computer- 
processed pressure-volume data demonstrate that mechanisms of myocardial hypertrophy in left ventricu- 
lar dilatation induced by myocardial injury differ from that caused by volume overload with intact - 
myocardial function. Consideration of wall stress measurements is crucial to understanding such 
mechanisms in large groups of persons, but of much less value in assessing myocardial performance or 
diagnosis in individual patients with chronic heart disease. 


635 Left Ventricular Function During Systole and Diastole in Mitral Incompetence 
BASIL S. LEWIS and MERVYN S. GOTSMAN 


In chronic mitral incompetence and prolapsing posterior leaflet syndrome the defect is mechanical and 
clinical disability is related to a low forward stroke volume, a large regurgitant volume and a tall left atrial 
V wave. The ventricle adapts by compensatory dilatation so that overall systolic function is usually normal. 
The dilated ventricle operates at a normal end-diastolic pressure, a consequence of normal resting tension 
and a more elastic myocardium. 


644  Echocardiographic Patterns of Pulmonary Valve Motion in Valvular Pulmonary Stenosis 
ARTHUR E. WEYMAN, JAMES C. DILLON, HARVEY FEIGENBAUM and SONIA CHANG 


Echocardiographic study of pulmonary valve motion in patients with valvular pulmonary stenosis revealed 
that the depth of the a wave was greatly increased in 10 patients with moderate or severe pulmonary 
stenosis. The exaggerated leaflet motion after atrial systole probably reflects increased right ventricular 
end-diastolic pressure and force of atrial contraction. In patients with a gradient higher than 65 mm Hg the 
leaflet never returned to a base-line or closed position before ventricular systole. The a wave was normal 
in three of four patients with mild pulmonary stenosis and in those with a left to right shunt or heart disease 
without pulmonary involvement. It was absent in 25 of 26 patients with pulmonary hypertension. 


652 = Anterior Left Ventricular Wall Echoes in Coronary Artery Disease. Linear Scanning with a Single 
Element Transducer 


BETTY C. CORYA, HARVEY FEIGENBAUM, SUSAN RASMUSSEN and MARY J. BLACK 


Recording of anterior left ventricular wall echoes was not only feasible in 104 patients, but also useful in 
those with coronary artery disease. Abnormal anterior left ventricular wall motion is closely associated 
with anterior wall ischemia or infarction, produced by obstruction of the left anterior descending coronary 
artery in 18 of 20 patients with demonstrable coronary artery disease on arteriography. 

Continued on page A13 

















MODULES AND CAPABILITIES 


* Stress Test Heart Monitor 


+ ST-Segment Computer 

© Treadmill * Digital Heart Rate Meter 

* Telemetry e Automatic Paperwriter Programmer 
..* Automatic Blood Pressurometer | * 12-lead ECG Capability 
: . Ne- piratory Gas Analyzer | » ST&H/R Trend Recording 


e Patient Input Isolation Protection 


L] Please send me your Exercise Stress Test Heart Monitoring brochure. i would li «eto 
know more about this new System. 


D -Send the literature, and schedule me for a visiting demonstration, fami definitely - 
interested in acquiring this kind of equipment. 











These invedtigators conclude that their nine. patients wii: left ventr 
| coronary arterial obstruction presumably had previous coronary arteria i 
the formation ot the aneurysm and then completely or partially regressed, p 


2 _Blectrocardiograptiic Responses to Atrial Pacing and Multistage Treadmill Exercis ! 
Correlation with. Coronary Arteriography u 


JORGE C. RIOS and LARRY E. HURWITZ 


Results of atrial pacing and multistage treadmill exercise testing in the same 50 patients 
coronary artery disease of various degrees reveal that atrial pacing is insensitive fo 
ischemic heart disease and does not improve the diagnostic value of multistage treadmill 
Atrial pacing stress testing had a sensitivity of 24 percent compared with 83 percent fc 
treadmill exercise test. Both tests had comparable specificity, 95 percent for atrial paci 1 
for multistage exercise testing. ie 


67 . Association of Accelerated Idioventricular Rhythm and Paroxysmai Ventricular Tachycardia in Ac 
_ Myocardial Infarction 


NEIL de SOYZA, JOE K. BISSETT, JAMES J. KANE, MARVIN L. MURPHY and 
JAMES E. DOHERTY 


This study of 52 men who underwent Holter monitoring during the first 24 hours of acute myocatdii infarc 
tion demonstrated paroxysmal ventricular tachycardia in 83 percent of patients with accelerated idioven- . d 
tricular tachycardia and in only 18 percent without this arrhythmia. Accelerated idioventricular rhythm 
complicating acute myocardial infarction is therefore not aways benign, being often associated with more : 
serious ventricular arrhythmias. cee ES 


4 Plasma Renin and Blood Pressure During Treatment with Methyldopa 


PETER WEIDMANN, DAVID HIRSCH, MORTON H. MAXWELL and RONALD OKUN 
with the statistical assistance of PHILLIP SCHROTH 


Data in human subjects with hypertension suggest that the hypotensive action of methyldopa j 

. related to its effect on the renin- -angiotensin system and that plasma renin determinations s 
formed before. antihypertensive drugs are selected for individual patients. In this study the change 
pressure during the administration of methyldopa closely followed the pattern of changes in 
renin levels. 


| EXPERIMENTAL STUDIES 


Effects of Methylprednisolone Administration in Acute Myocardial Infarction 


JOHN K. VYDEN, KOICHI NAGASAWA, BABETH RABINOWITZ, WILLIAM W. PARI MLE 
HARUO TOMODA, ELIOT CORDAY and H. J. C. SWAN 


WW a Methylprednisolone improved the critical oxygen balance of the experimentally inf 
ne nena t nart i rate, afterload and oe in the initial Nias minutes after at adm 





would be ideal if you could 
confine all cardiac arrest cases to 


the Coronary Care Unit where 
they could be treated immediately. 
The trouble is, they can and do 
happen anywhere in the hospital. 

One solution is a crash car 
for every floor... manned by a 
special team trai ned o respond 
instantly to cardiac emergencies 
on their floor, and outfitted with. 
the necessary emergency equip- 


ment, including a LIFEPAK* por- 
table, defibrillator/cardioscope 
from PHYSIO-CONTROL® 
LIFEPAK offers a wide range 
of features, from QUIK-LOOK: 
paddles (instantaneous ECG trace 
through the defibrillator paddles) 
to optional built-in recorders, to 
modulators for transmitting ECG 
signals by radio or telephone. 
Many LIFEPAK features were in- 
dustry “firsts” developed by. 


PHYSIO-CONTROL, the world's 
leading manufacturer of defibril- 
lators. 

For complete details, write 
for our new full-color-illustrated, 
24-page brochure: 

10O-CONTROL Corporation, 

Willows Road, Redmond, 

ashington 98052. — 

Phone (206) 883-1181. 

o: Physio- -Red. | 'elex: 3 0166. 
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- Psychological Stress and Ventricular Arrhythmias During Myocardial Infarction in the | 
RAMON CORBALAN, RICHARD VERRIER and BERNARD. LOWN A 


Exbevimentally induced psychological stress in dogs before coronary arterial obstruction lo 
able period threshold for repetitive ventricular responses by 82 percent, After. myo 
stressful stimuli provoked ventricular arrhythmias including ventricular tachycardia ande 

with T wave interruptions. This study provides a model for investigating the role of psycholog 
cardiac arrhythmias. 7 


[4 Role of the Compensatory Pause in the Production of Concealed Bigeminy 
| MOO H. LEE, MATTHEW N. LEVY and HARRISON ZIESKE 


than the refractory period of the ventricular cells during normal sinus rhythm at the prevailing heart rales so o 
that, for critical propagation times, the bigeminal pattern is terminated briefly when an ectopic pica x 


becomes concealed. 


Effect of Digitalis on Response of the Ventricular Pacemaker to Sympathetic Neural Stimulation 
and to Isoproterenol | 


DAVID | t. ene and RICHARD A. GILLIS 


Ouabain administered to 12 anesthetized dogs with complete heart block induced by the injectio: 
of 40. percent formaldehyde into the His bundle did not affect the ‘chronotropic respon: 
stimulation of ventricular pacemakers but apparently sensitized. the heart to the arrhythmage | 
adrenergic stimuli. 2A 


. METHODS 


. Quantitation of Valvular Insufficiency by Computerized Radionuclide Angiocardiography K^ 
DENNIS L. KIRCH, CHARLES E. METZ and PETER P. STEELE p 


Z-transformation methods for solving finite difference equations produce « a set of soli 
< flow. model using radionuclide angiocardiographic data that accurately. describe ; the 
dimer eid epic ien Good bo mura wei this methad and a 
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2. a unique natural laxative 
plus 
~~ a classic stool softener 
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Provides a unique natural laxative —standardized senna concentrate... virtually colon-specific 
...effectiveness documented in numerous published studies comprising thousands of patients. 


Provides a classic stool softener—DSS...complementing the laxative action by softening the 
stool for smoother and easier passage. 


Comfortable, predictable evacuation...a bedtime dose of SENOKOT S Tablets usually induces 
comfortable evacuation the next morning, allowing uninterrupted sleep. SENOKOT S Tablets aid 
in rehabilitation of the constipated patient by facilitating regular elimination. 


Indications: SENOKOT S Tablets offer welcome relief in functional constipation when combined 
neuroperistaltic stimulation plus stool softening is indicated, especially for: the aged; postpartum 
and postoperative patients; drug-induced constipation; cardiovascular patients and those with 
hemorrhoids. Dosage (preferably at bedtime): Adults: Initial Dosage: 2 tablets (max. dose— 4 tablets 
b.i.d.). Children (above 60 Ib.): 1 tablet (max. dose—2 tablets b.i.d.). To meet individual require- 
ments, dosage may be decreased or increased by 1 tablet (up to maximum) until the most effective 


dose is established. Supplied: Bottles of 30 and 60 tablets. 
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722 Use of an Ultrasonic Contrast Method in the Diagnosis of Valvular Regurgitation and Intracardiac 
Shunts 


RICHARD E. KERBER, J. MICHAEL KIOSCHOS and RONALD M. LAUER 


This ultrasonic contrast method using injection of normal saline solution or indocyanine green dye during 
cardiac catheterization in six open chest dogs and in 62 patients proved a sensitive and accurate qualita- 
tive technique for detecting intracardiac shunts and valvular regurgitation. Simple intravenous injection to 
diagnose right to left shunts may be its most useful clinical application. 


CASE REPORTS 


728 Pacemaker Failure Due to Procainamide Toxicity 
| ROYAL J. GAY and DAVID F. BROWN 


Intravenous administration of sodium bicarbonate and sodium lactate dramatically reversed transient 
pacemaker failure due to severe procainamide toxicity, presumably by inducing membrane hyperpolariza- 
tion and alkalosis which can protect against such toxicity. The patient subsequently underwent ventricular 
aneurysmectomy and saphenous vein bypass grafting to the anterior descending coronary artery, which 
eliminated his recurrent ventricular tachycardia. 


733 Heart Failure 63 Years After Traumatic Arteriovenous Fistula 
WILLIAM FRISHMAN, ALLEN M. EPSTEIN, SPENCER KULICK and THOMAS KILLIP 
This fascinating example of reversible heart failure in a 76 year old man with acquired arteriovenous fistula 
of the left thigh of 63 years' duration proves that the geriatric patient with heart failure may be down but is 


not necessarily out. Electroversion from atrial fibrillation to sinus rhythm probably also contributed to this 
patient's remarkable postoperative improvement. 


737 Late Thrombosis of Starr-Edwards Tricuspid Ball Valve Prosthesis 
SAKDA SUWANSIRIKUL, EPHRAIM GLASSMAN, FRANK RAIA and FRANK C. SPENCER 


Late thrombosis of a Starr-Edwards triscupid ball valve prosthesis, 26 months after insertion, is attributed 
to entrapment of the struts of the prosthesis in the wall of the right ventricle and discontinuation of warfarin 
therapy. Routine semiannual fluoroscopic examination to detect any restricted motion of the valve poppet 
may permit appropriate measures to be instituted early enough to prevent this complication. 


EDITORIALS 


741 Educational Problems in Echocardiography 
HARVEY FEIGENBAUM 
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743 Letters to the Editor 
Treatment of Choice for Paroxysmal Supraventricular Tachycardia— Papazoglou et al. 


Continued on page A19 
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Now, for the first time, totally automatic, 
minute- -by-minute update of respiratory functions during - 
physical stress testing - plus continuous ECG 


quc monitoring — all in one compact system! 
cs A MODEL 800 RESPIRATORY GAS ANALYZER B. MODEL 2900 STRESS TEST MONITOR 


: ^ * All digital data continuously displayed and updated e Large, two-channel oscilloscope displays 
<a each minute ECG waveform 
c. Expired volume up to 199.9 liters per minute B.T.P.S. e Built-in digital heart rate meter numerically 


displays instantaneous or average heart rate 

Mis ced * Built-in ECG paperwriter meets AHA 

a v. Oxygen uptake per kilogram body weight per recommendations 

_ minute up to 99.9 milliliters @ Optional automatic timer/programmer 
Oz in liters per minute, and RQ automatically controls paeperwriter 

tal heart b beats "SET minute | * Optional S-T segment computer/display 
TUN numerically displays S-T elevations and 

depressions 


* E Oxygen uptake up to 9.99 liters per minute S.T.P.D. 
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To all physicians 
involved with 

the management 
of hypertensive 
emergencies: 


a new product message 
of significance from Hoche 


———À 
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NIPRIDE (sodium nitroprusside 
Immediate, predictable control 


Nhen immediate steps must be taken to lower ex- 
zessive blood pressure, Nipride (sodium nitro- 
orusside) is a potent antihypertensive agent that 
acts by direct peripheral vasodilatation, accom- 
»anied by reduction of total calculated peripheral 
/ascular resistance. 


NORKS IMMEDIATELY. Nipride's antihyperten- 
sive effect may be seen within seconds after the 
»eginning of intravenous infusion. 


SHORT-ACTING. On cessation of Nipride admin- 
stration, blood pressure will begin to rise within 
seconds to reach pretreatment levels in one to 
en minutes. Thus, with careful monitoring and 
itration of Nipride dosage, the physician may re- 
Juce the patient's blood pressure as rapidly as he 
deems advisable, stabilize it at the desired level, 
sustain that level for hcurs — a few days if neces- 
sary — or until slower-acting medications become 
»ffective. Administration of oral antihypertensive 
nedication should be started early in the course 
of treatment and Nipride dosage reduced accord- 
ngly as blood pressure begins stabilizing at de- 
sired levels. With frequent monitoring, hypotensive 
3pisodes may be avoided since Nipride permits 
ninute-to-minute control of the patient's blood 
pressure. 

Side Effects — reported side effects, such as 
1ausea, retching, diaphoresis, etc., are probably 
'elated to excessively rapid lowering of blood pres- 
sure. Contraindications — compensatory hyper- 
ension, e.g., arteriovenous shunt or coarctation 
of the aorta. Compatibilities — oral antihyperten- 
sive medications may be administered simultane- 
ously with frequent monitoring to observe their 
idditive effects. Response — consistent hypoten- 
sive effect regardless of patients’ resistance to 
other antihypertensive medications. Reports of 
achyphylaxis have been rare. 


ROCHE 


DOSAGE MUST BE INDIVIDUALIZED. Patient 
response varies widely over a range of 0.5 mcg/ 
kg/min to 8.0 mcg/kg/min. It is evident, there- 
fore, that infusion rates should be started at a 
minimal level, patient response observed for a few 
minutes, then dosage increased by a measured 
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Case A — A 44-year-old obese male patient, with a pri- 
mary diagnosis of essential hypertension, was admitted to 
a hospital with impending hypertensive encephalopathy. 
An infusion of Nipride (sodium nitroprusside) was started 
at approximately 25 mcg/min and then slowly increased 
to a dosage of 80 mcg/min during the first 40 minutes 
of administration. Dosage increase to 200 mcg/min at 
50 minutes and 100 minutes resulted in sharp drops in 
blood pressure. As soon as the infusion was reduced to 
80 mcg/min, there was an immediate rise in pressure 
to approximate levels previously observed with the same 
dosage. During Nipride administration, a single 40 mg IM 
dose of furosemide was given at approximately 100 min- 
utes. The patient was subsequently maintained on oral 
medication (furosemide 40 mg, q.i.d., and triamterene 
100 mg, q.i.d.). h 





or IV infusion. 
n hypertensive crises. 


increment and the process continued until blood 
pressure has reached a desired level. As exam- 
ples of the procedure, Case A responded slowly, 
- requiring increasing dosage increments; Case B 
responded rapidly, calling for a brief discontinu- 
ation of the infusion. 


Time (minutes) Nipride 
80 120 160 200 — 240 Flow 
TIES TES Rate 

100 


200 
300 
SBP - Systolic Blood Pressure | 400 


MAP - Mean Arterial Blood Pressure * meg/ 
DBP - Diastolic Blood Pressure min 


HCI (IV) 


60-40-20 Q 20 40 60 80 100 120 140 160 180 200 220 240 
Time (minutes) 


furosemide (IV) 


*MAP = 1$ stolic BP X2 diastolic BP X 3 
methyldopate 5 





Case B — A 43-year-old male patient, with a primary diag- 
nosis of essential hypertension and secondary diagnoses 
of impending left ventricular failure, headache and renal 
failure, was admitted to a hospital in hypertensive crisis. 
Nipride (sodium nitroprusside) infusion was started at 100 
mcg/min, which produced a relatively small decrease in 
pressure. Infusion rate was then doubled, resulting in a 
sharp drop in blood pressure. Infusion was stopped for ten 
minutes until blood pressure rose, then resumed at the 
100 mcg/min rate, which maintained pressure at a satis- 
factory level. Preliminary to discontinuation of Nipride, 
methyldopate HCI (500 mg IV) and furosemide (80 mg IV) 
were administered in single intravenous doses at 50 and 
70 minutes respectively. The patient was subsequently 
maintained on oral medication (methyldopa 500 mg, q.i.d., 
and furosemide 40 mg, q.i.d.). 


NIPRIDE MIXING PROCEDURE 
FOR INTRAVENOUS INFUSION USE ONLY. 

DO NOT ADMINISTER BY DIRECT INJECTION. 
Nipride must be prepared immediately before administration. 
Once prepared, solutions containing Nipride should not be 
kept or used longer than four hours. No other medication 
should be added to the solution. 


1 


—— n 


"— 


1. Withdraw 2 to 3 ml of sterile dextrose in water only. Any 
commercially available sterile dextrose in water in ampul form 
may be used. 2. Aseptically add the dextrose in water to the 
50-mg Nipride vial. 3. Gently agitate to completely dissolve 
powder. 4. Add all of the reconstituted solution to 500 or 1000 
ml of sterile 5 percent dextrose in water depending on desired 
concentration. 5. Promptly wrap Nipride solution in aluminum 
foil or other opaque material to protect from light. 6. Admin- 
ister prepared solution by infusion pump, micro-drip regulator 
or any similar device that will allow precise measurement of 
flow rate. 





NIPRIDE 





(sodium nitroprusside) 


50-mg vial 


EMERGENCY BLOOD PRESSURE CONTROL 


Please see following page for complete product information. 



















































dp sodium nitroprusside 
). Nipride ^s a reddish- 
sS.soluble in water. In 
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jt ERR innervation. No relaxa- 
| 4n.the smooth muscle of the 
uterus or duodenum in situ in animals. 


INDICATIONS: 'Nipride is indicated for the 
immediate reduction of blood pressure of pa- 
tients in hypertensive crises. Concomitant 
oral a tihypertensive medication should be 
while the hypertensive emergency is 
being brought under control with Nipride. 
There t ino contraindication in using Nipride 

Ou! with” oral antihypertensive 


Ae ride is only to be used as 
y ps ‘sterile 5% dextrose in 
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s infusions of Nipride are 
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progress to determine its proper dosage and 


. administration. . 
' PRECAUTIONS: Adequate ‘cilities, equip- 


ment and personnel should be available for 


‘frequent and vigilant monitoring of blood 
pressure, since the hypotensive effect of 


Nipride (sodium nitroprusside! occurs rapidly. 
When the infusion is slowed or stopped, blood 
pressure usually begins to rise immediately 
and returns to pretreatment levels within one 
to ten minutes. It should be used with caution 
and initially in tow doses in elderly patients. 
since they may be more sensitive to the hypo- 
tensive effects cf the drug. 

Because of the rapid onset of action anc 
potency of Nipride, it should preferably be 
administered with the use of an infusion 
pump, micro-drip regulator, or any similar 
device that wouid allow precise measurement 
of the flow rate. 

Once dissolved in solution, Nipride tends 
to deteriorate in the presence of light. There- 
fore, it should be protected from light by 
wrapping the container of the prepared solu- 
tion with aluminum foil or other opaque ma- 
terials. Solutions of Nipride should not be 
kept or used longer than four hours. 

Nipride in aqueous solution yields the ni- 
troprusside ion which reacts with even min- 
ute quantities of a wide variety of inorganic 
and organic substances to form usually highly 
colored reaction products (blue, green or dark 
red). If this occurs the infusion should be 
replaced. 


ADVERSE REACTIONS: Nausea, retching, 
diaphoresis, aoprehension, headache, rest- 
lessness, muscle twitching, retrosternal dis- 
comfort, paipitations, dizziness and abdominal 
pain have been noted with too rapid reduction 
in blood pressure, but these symptoms rap- 
idly disappeared with slowing of the rate of 
the infusion or temporary ciscontinuation of 
infusion and did not reappear with continued 
slower rate of administration. 

One case of hypothyroidism following pro- 
longed therapy with intravenous sodium ni- 
troprusside has been reported. A patient with 
severe hypertension with uremia received 
3900 mg of sodium nitroprusside intrave- 
nously over a period of 21 days. This is one 
of the longest reported intravenous uses of 
this agent. There was no tachyphylaxis, but 
the patient developed evidence of hypothy- 
roidism, together with retention of thiocyanate 
(9.5 mg/100 ml), With peritoneal dialysis the 
thiocyanate level diminished and the signs 
of hypothyroidism subsidec. 


DOSAGE AND ADMINISTRATION: The con- 
tents of a 50-mg Nipride vial should be dis- 
solved in 2 to 3 m! of dextrose in water. No 


other diluent should be used. Depending on. 


the desired concentration, all of the prepared 
stock solution should be diluted in 500 to 


1000 mi of 5 percent dextrose in water and 


promptly wrapped in aluminum foil or other 
opaque materials to protect from light. Both 


the stock solution and the infusion solution. 


should be freshly prepared and any unused 
portion discarded. The freshly prepared solu- 
tion for infusion has a very faint brownish tint. 


Af it is highly colored, it should be discardec 


(see PRECAUTIONS). Once prepared, the.so- 


iution should not be kept cr used longer than. 
. four hours. The infusion fluid used for the _ 
ployed as a vehi of da alice sould nar ga, oms. Ek 





experience is limited. ‘Further  éüdies.. are. in nt 1H 
i pertensive drugs; the average dose of Niprice Ts 
is 3 ug/kg/minute (range of 0.5 to 8 uc/ | 


jid digi was. d geata w 


"in. didnt Who. are. hot. receiving amih a 


kg/minute). Usually, an average of 200 uc/ > 
minute (range of 20 to 400 ug/minute) is — 


sufficient to maintain the blood pressure at S0. - 


to 40 percent lower than the pretreatment dia- 


stolic blood pressure levels. In hypertensive - $2 
patients receiving concomitant antihypertea- - E 


sive medications, smaller doses are required. - 


In order to avoid excessive levels of thiocv- ^... 
anate and lessen the possibility of a precipi- . us 
tous drop in blood pressure, the maximum. gu 


recommended dose is 800 ug/minute. 


1 Viat (50 mg) Nipride Sgt nitroprusside) - P 
in 500 mi 5% DW (100 | n 


Dese/kg g/kg/min mi /kg/ miri Ü 
Average 3 0.03 
Range 0.5 to 8 
Dose fcr a : 
70kg patient ng/70 kg/min ml/70 kg/min - 
Average 200 2.0 
Range 35 to 580 0.35 to 5.6 


The intravenous infusion of Nipride should: 
be administered by an infusion pump, micro- 
drip regulator or any similar device that will 
allow precise measurement of the flow rate. 
Care should be taken to avoid extravasation. 
The rate of administration should be adjusted 
to maintain the desired antihypertensive ef- 
fect, as determined by frequent blood pres- 
sure determinations. Nipride infusion may be 
contnued until the patient can safely be 
treated with oral antihypertensive medications 
alone. 


HOW SUPPLIED: Nipride injectable is sap- 
plied in 5-m) amber-colored vials containing 
the equivalent of 50 mg sodium nitroprusside: 
dihydrate for reconstitution with dextrose: in 
water (available singly and in packages of 70). 


HUMAN PHARMACOLOGY: Sodium niro- 
prusside administered intravenously to hyper- 
tensive and normotensive patients produced 
a marked lowering of the arterial blood pres- 
sure, slight increase in heart rate, a mild de- 
crease in cardiac output and a moderate 
diminution in calculated total peripheral vas- 
cular resistance. 

The decrease in calculated total peripheral 
vascular resistance sucgests arteriolar vaso- 
dilatation. The decreases in cardiac and. 
streke index noted may be due to the periph- 
era! vascular pooling of blood. 

In hypertensive patients, moderate depres- - 
scr doses induce renal vasodilatation roughly 
equivalent to the decrease in pressure with- 


out an appreciable increase in renal biood |... 


flow or a decrease in glomerular filtratior. 


In normotensive subjects, acute reduction — 


of mean arterial pressure to 60 to 75 mm Hg E 


bv infusion of sodium nitroprusside caused — 
significant increase in renin activity of renal ~. 
venous plasma in correlation with a degree of ^ => 


reduction in pressure. Renal response to ree 
duction in pressure was more striking in reno-. 


vascular hypertensive patients, with signifie ~ < 
cant increase in renin release occurring from o. 
the involved kidney at mean arterial pressures .- = 
ranging from 90:to 137 mm Hg. Furthermore, > 


the magnitude of renin release from. pem 
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You're off to a good start with 
traces as bold and sharp as these. 


The background is brilliant white. 

The images are crisp, black, bold. 

That’s the kind of start you get with 

Kodak Linagraph 1930 Paper. Sensitive to 
low light as well as high frequencies, this 

is the paper that provides full and accurate 
reproduction of all the data that 

you need in your evaluation. 


The paper is easy to handle, too. 

It has dimensional stability for an 

accurate time base. It lies flat. It resists 
wrinkling. It won’t mar from normal handling 
And the all-important image is stable. 

You'll be able to refer to it repeatedly 

over the years. 


Processing? Simple and quick. 

Linagraph 1930 Paper goes through the same 

Kodak RP X-Omat Processor already used for x-ray 
film in your affiliated hospital. No need to 

change chemicals or adjust the machine. 

Time required? As little as 90 seconds! 


If necessary, it can also be tray processed. 
Want more details? 

Just fill in the coupon. 

That’s also a good start. 
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Department 412L, Rochester, N. Y. 14650 
[ ]Send literature on Kodak Linagraph 1930 Pape 
("| Have representative call 
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For over 65 years Tycos® has set the standard for excellence 
in precision aneroids. The fact that there are over tk ree 
million Tycos sphygs in use today attests to their unsurpassed 
accuracy, design and reliability. 2: 


The big wall sphyg, featuring a large 64" dial, is ideal for 
mounting between two beds | 
anywhere in the hospital. The swivel 
bracket and large white numerals 










d 


assure easy reading from any- 
where in the room. 


The hand and pocket aneroids 





recognized everywhere as fine diagnostic instruments. 
TRE oios and light weight make them easy and 














i em peii who demands perfection, they can be vein 
upon to give top performance for many, many years. 
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Taylor ins trument/Health Care Products. 
= Arden, N. C. 28704 














SUMMARY OF 
PRESCRIBING INFORMATION pM 
Mode of action: The mechanism of action 

of SORBITRATE- (isosorbude dinitrate) 
unknown, although the basic pharma 
cologic action is to relax smooth muscle. 
Isosorbide dinitrate reduces in number and - 
severity the incidence of angina pectoris | 
attacks, with concomitant reduction if nitro ‘ 
glycerin intake. D 



























indications: Based on a review of this drug 
by The National Academy of Sciences - oj.. 
National Research Council and/or other in- i. >: 
formation. FDA has classified the indications. t 
as follows: dogs 
Probably" effective: Sublingual and. chewable dex c 
dosage forms of SORBITRATE are indicated for the [oo 
treatment of acute anginal attacks and for rophy: me; 
laxis in situations likely to provoke such attacks. po 

Final classification of the less-than-effective ingle: uos 
tions requires further investigation: ge 










Contraindications: A history of sensitivity ic is drug - gm 
Warnings: Data sopporto the use of nitrates during re ERE 
early days of the acute phase of myocardial infarction... s 
are insufficient to establish safety. Phenobarbital may be z 
habit forming. p ag 
Precautions: Should be used with caution in patients: d ades 
who have glaucoma. Tolerance and. cross tolerance: to D 
other nitrates may occur. ME 
Adverse Reactions: Headache which maybe severe and NE n 
persistent, Lowering the dose and using andlgesics wil. 
help control the headaches which usually diminish or LPs 
disappear as therapy is continuad. eee 
Adverse reactions seen occasionally: Cutaneous vaso- 
dilation with flushing. transient dizziness and weakness 
as well as other signs of cerebral ischemia associated oo 
with postural hypotension; individual marked sensitivity ^ 
to the hypotensive effects of nitrates wherein. severe ^. 
responses can occur even. with the usual therapeutic oo co = 
dose (alcohol may enhance this effect): drug: tash and/ 


H i A B E or exfoliative dermatitis. eae 

ii: This drug can act as a physiological. antagonist. te. 
norepinephrine, acetylcholine, histamine. and ot ete 
agents NAE 
Dosage and Administration: Route: Sublingual o ie 
chewable tablets: is 


individual Dose: To minimize hypotensive raspona 


UU. ; : which may occasionally be severe with chewable doses 
4 d N | as low as 5 rng. the smallest effective. dose s De 
TE employed. Chewable tablets are generally given in doses. ^ 


of 5 mg. Sublin ngay or orally, i to-10 mg. is! ange 
commonly used although doses. of up. to 30. m have 
frequently been employed. 


“As with sublingual ISDN: epi 
acts in 2 minutes for therapeutic use. DAL 
acts up to 2 hours for prophylaxis. Aie: SE 
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It's time to make 
a fair comparison. 


We understand your reluc- build personal confidence in any 


tance to compare and seriously life support equipment. 


consider another pacer brand. 


— 

















Self-sealing/insulating 
lead attachment 


Unit inactive until 





























































































































implanted No | No | 
Stimulation threshold p 
determination with | | 
the actual pulse gener- | 
| ator to be implanted Yes No d No | 
High Rate Mode Demand | Asynchronous Asynchronous | 
Provides nonstimulat- Tuo. Ta | 
ing, externally detect- 
able tracking pulse Yes. | No | No s 
Patient Follow-up T 
System Yes Yes Yes 
Transmitter cost (33. 27 « 
(patient) e None $295 | $300 
Receiver cost UL D XX 
| (physician) $1,200 $2,000 | $650 
Requires electrodes T 
for operation Yes Yes 
DUE. EC VIO AER 
Rate Change 
Programmer No | Yes ($1,200) 
Warranty and Replace- || 
ment Allowance 30 months | 36 months 
Price, Pulse Generator $995 | 
$150 | 














See us at the American Heart Association Exhibit, Booth N-3, Nov. 18-21, 1974, Dallas. 


But our STARR-EDWARDS™ 
After all, it takes several years to Cardiac Pacer System, with over 


four years of clinical experience, 
more than 2500 confirmed 
implants, and a practical and simple 
means to monitor pulse generator 
function by telephone, is worthy 
of your most critical comparison. 

So to help you compare 
oranges with oranges, we've put 
together this chart to show our 
major features and those of the 
other leading suppliers. 

We'd like you to see for 
yourself which brand offers you 
and your patients the most sen- 
sible overall approach to artificial 
cardiac pacing. 

For further information, 
please contact Edwards Labora- 
tories, 17221 Red Hill Avenue, 
P.O. Box 11150, Santa Ana, 
California 92711, 714/557-8910, 
Cable: EDSLAB, Telex: 68:5567. 


CI EDWARDS 
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the heart of your electrocardiograph 
diagnosis is made of paper 
















Accurate interpretation of analytical data pre- Why take the chance. Specify the paper designed 
sented by your electrocardiograph and subsequent and produced expressly for the manufacturer of 
proper diagnosis is manifested by the chart paper. your instrument. The cost of total assurance 

: simply isn't worth the few pennies substitutes may 


If there's a chance the chart paper is lacking in 
quality or accuracy, an inaccurate recording may 
well be the result, This message was prepared in the interest of better 
i 0000 | recording instrument performance by . . . | 


save. 





The Instrument Manufacturers’ Chartmak Y | 














100 East Kinney St. - Newark, N.J. 07105. 


N 3037 East Maria St. 


: Compton Calif, 90220 - ( 








Antihypertensive 
action atthe 
vasomotor centers 
in the brain“ 


'(Based on animal studies) 


Please see last page of advertisement for a brief summary 
of the prescribing information including relationship of 
pharmacologic actions and antihypertensive effect. 











NOW... 
antihypertensive action 
at the brain Yes Ww 


in the brain p 
Catapre: 
hydrochloride) 














(clonidine 


Effective in hypertensic 
mild to severe 


Mild and infrequent orthostatic hypotensio 


Normal hemodynamic responses to exerc 
are unaffected 


Renal blood flow and glomerular filtration i 
essentially unchanged 


Mild to moderate potency 
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new Catapres 


(clonidine hydrochloride) 


Effective in hypertension, 
mild to severe 


Catapres is distinguished by its broad clinical usefulness 
in the treatment of hypertension. 


More than 600 major 
published papers: 


The extensive experimental and clinical work with Catapres 
has been reported in hundreds of papers published in 
scientific journals in this country and abroad. Controlled 
studies!" plus numerous other clinical evaluations have 
demonstrated that Catapres is an effective antihyper- 
tensive drug with these desirable properties: 


does not alter normal hemodynamic responses to exercise 


renal blood flow and glomerular filtration rate essentially 
unchanged 


antihypertensive response enhanced by diuretics such as 
chlorthalidone 


compatible with other antihypertensive acents 


has been shown to reduce plasma renin activity and to 


decrease excretion of aldosterone and catecholamines 
(See ACTIONS section of Brief Summary) 


What to watch for— The principal side effects of Catapres are dry 
mouth, sedation, and drowsiness. Constipation, dizziness, headache, 
and fatigue also have been reported. Generally, these effects tend to 
diminish with continued therapy. As with other antihypertensive agents, 
tolerance may develop in some instances. For a more detailed discus- 
sion of side effects, warnings, and precautions, see the brief summary 
of prescribing information on the last page of this advertisement or 
consult the Catapres package insert. 


*Complete Catapres bibliography available on request. 





Normal hemodynamic Renal blood flow and 
Mild and infrequent responsestoexercise glomerular filtration rate 
orthostatic effects not altered essentially unchanged 


Standing and supine blood pressure Mean blood pressure reductions in | Renal hemodynamics before and 
response at the conclusion of therapy in 9 hypertensive patients receiving after Catapres in 7 hypertensive 
7 controlled studies'!-7 Catapres (0.15 mg daily) for 4 weeks |patients. Mean blood pressure 
ota ME alpine were Wood in A 
Supine fas aa O e supine position (from 
Standing RENE i tong eset artes to 128 mm Hg) and the standing 
YONG issue ipsom position (from 151 to 101 mm Hg). 
Lying Standing | Exercise 
E Supine NENNEN 
Head-up tilting (45°) mmm 


Renal Blood Flow (ml/min) 
Before After 
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Diastolic pressure reduction 
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Glomerular Filtration Rate (ml/min) 
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72 (—9%) 


Study No. 1 i / 4 OW | TT 67 

No. of 

Pts. 9* f 2 | 
*Received Catapres alone. | 


TReceived Catapres + a diuretic. | | 59 (—12%) 


Note: In study No.4, blood pressure was taken in the 5 LL— ene SCENE Lis M 
sitting rather than the supine position. Adapted from Onesti et a/.? 
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joehringer Ingelheim 
oehringer Ingelheim Ltd. 
Imsford, New York 10523 





new Catapres 


(clonidine hydrochloride) 


It's easy to start with Catapres. The 
usual starting dose of Catapres is one 

0.1 mg tablet twice daily. increments of 
0.1 to 0.2 mg per day (up to the maximum 
daily dose of 2.4 mg) may be made until 
the desired blood pressure response is 
achieved. 


How to stop Catapres. Reduce the dose 
gradually over two to four days to avoid a 
possible rapid rise in blood pressure and 
associated subjective symptoms such as 
nervousness, agitation, and headache. 
Patientson Catapres should beinstructed 
not to discontinue therapy without con- 
sulting their physician. It has been dem- 
onstrated that a rapid rise in blood 
pressure, should it occur, can be re- 
versed by resumption of Catapres or by 
administration of intravenous 
phentolamine. 


Catapres® 
(clonidine hydrochloride) 
Tablets of 0.1 mg and 0.2 mg 


Actions: The mechanism of action appears to be cen- 
tral alpha-adrenergic stimulation as demonstrated in 
animal studies. This results in inhibition of bulbar sym- 
pathetic cardioaccelerator and sympathetic vasocon- 
strictor centers, thereby decreasing sympathetic outflow 
from the brain. Other studies in humans have provided 
evidence of a reduction in plasma renin activity and the 
excretion of aldosterone and catecholamines. The exact 
relationship between these pharmacologic actions of 
Catapres (clonidine hydrochloride) in humans and its 
432 eid effect has not been fully elucidated at 
this time. 


Indication: The drug is indicated in the treatment of 
hypertension. As an antihypertensive drug, Catapres 


(clonidine hydrochloride) is mild to moderate in potency. 


It may be employed in a general treatment program 
with a diuretic and/or other antihypertensive agents 
as needed for proper patient response. 


Warnings: Tolerance may develop in some patients 
necessitating a reevaluation of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in 
animals, and since information on possible adverse 
effects in pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended in women 
who are or may become pregnant unless the potential 
benefits outweigh the potentia! risk to mother and fetus. 
Usage in Children: No clinical experience is available 
pAb ie: use of Catapres (clonidine hydrochloride) in 
children. 


Precautions: When discontinuing Catapres (clonidine 
hydrochloride), reduce the dose gradually over 2 to 

4 days to avoid a possible rapid rise in blood pressure 
and associated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without consulting 
their GperCat Rare instances of hypertensive encepha- 
lopathy and death have been recorded after cessation 
of clonidine hydrochloride therapy. A causal relation- 
ship has not been established in these cases. It has 
been demonstrated that an excessive rise in blood pres- 
sure, should it occur, can be reversed by resumption 

of clonidine hydrochloride therapy or by intrave- 


nous phentolamine. Patients who engage in poten- 
tially hazardous activities, such as operating machinery 
or driving, should be edvised of the sedative effect. 
This drug may enhance the CNS-depressive effects of 
alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride 
should be used with caution in patients with severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Catapres (clonidine hydrochloride) 
should receive periodic eye examinations. While, 
except for some dryness of the eyes, no drug-related 
abnormal ophthalmologic findings have been recorded 
with Catapres (clonidine hydrochloride), in several 
studies the drug procuced a dose-dependent increase 
in the incidence and severity of spontaneously occur- 
ring retinal degeneration in albino rats treated for 
6 months or longer. 


Adverse Reactions: ~he most common reactions are 
dry mouth, drowsiness and sedation. Constipation, 
dizziness, headache, and fatigue have been reported. 
Generally these effects tend to diminish with continued 
therapy. The following reactions have been associated 
with the drug, some of them rarely. (In some instances 
an exact causal relationship has not-been established.) 
These include: Anorexia, malaise, nausea, vomiting, 
parotid pain, mild transient abnormalities in liver func- 
tion tests; one report of possible drug-induced hepa- 
titis without icterus and iL oy ge re in a patient 
receiving clonidine hydrochloride, chlorthalidone, and 
papaverine hydrochloride. Weight gain, transient eleva- 
tion of blood glucosa, or serum creatine phosphokinase; 
congestive heart failure, Raynaud's phenomenon; vivid 
dreams or nightmares, insomnia, other behavioral 
changes, nervousness, restlessness, anxiety and mental 
depression. Also rash, angioneurotic edema, hives, 
urticaria, thinning of the hair, pruritus not associated 
with a rash, impotemce, urinary retention, increased 
sensitivity to alcohal, dryness, itching or burning of the 
eyes, dryness of the nasal mucosa, pallor, gyneco- 
mastia, weakly positive Coombs’ test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 
Overdosage: Profound hypotension, weakness, somno- 
lence, diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres (clonidine 
hydrochloride) by several children from 19 months to 

5 years of age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recovery 
within 24 hours. Toiazoline in intravenous doses of 

10 mg at 30-minute intervals usually abolishes all ef- 
fects of Catapres (clonidine hydrochloride) overdosage. 


How Supplied: Catapres, brand of clonidine hydro- 
chloride, is available as 0.1 mg (tan) and 0.2 mg 
(orange) oval, sing e-scored tablets in bottles of 100. 
For complete details, please see full prescribing 
information. 
Under license from Boehringer Ingelheim GmbH 


References: 1. Elkeles, R. S., Goldby, F. S. and Oliver, 
D. O.: A Double Blind Study of Catapres, A New Hypo- 
tensive Agent, in Conolly, M. E. (ed.): Catapres in 
Hypertension, London, Butterworths, 1970, pp. 139-144. 
2.Freis, E. D.: Date on file at Boehringer Ingelheim Ltd. 
3. Hickler, R. B.: Data on file at Boehringer Ingelheim 
Ltd. 4. Mroczek, W. J., Leibel, B. A. and Finnerty, F. A., 
Jr.: Comparison of clonidine and methyldopa in hyper- 
tensive patients receiving a diuretic, Am. J. Cardiol. 
29:712, 1972. 5. Putzeys, M. R. and Hoobler, S. W.: 
Comparison of clonidine and methyldopa on blood pres- 
sure and side effects in hypertensive patients, Am. 
Heart J. 83:464, 1972. 6. MacDonald, R. H. and Shapiro, 
A.: Data on file at Boehringer Ingelheim Ltd. 7. Kirken- 
dall, W. M., Toubes, D. B. et al.: Hypertensive effects of 
clonidine and chlcrthalidone, Am. Heart J. 82:312, 1971. 
8. Onesti, G. et al: Pharmacodynamic effects of a new 
antihypertensive drug, Catapres (ST-155), Circulation 
39:219, 1969. 
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CARDIOLOGY CASE STUDIES 
By 


Nicholas P, DePasquale, M.D. 
Chief, Cardiovascular Service 
Lenox Hill Hospital, New York 


Michael S, Bruno, M.D. 
Director of Medicine 
Lenox Hill Hospital, New York 


373 pages * 1973 * Price: $10,00 


The 55 case histories include questions, comments and 
discussion, providing clinical insight and added perspec- 
tive to the case material. Graphically illustrates objec- 
tive findings and data pertinent to each history. A valu- 
able guide for the cardiologist, internist, and family phy- 
sician. The case studies are divided into sections on: 


* Coronary (Ischemic) Heart Disease 
Hypertensive Cardiovascular Disease 
Acquired Valvular Heart Disease 
Congenital Heart Disease 

Heart Muscle Disease (Cardiomyopathy) 


* + + & 


ECG CASE STUDIES 
SECOND EDITION 
By 


Julian Frieden, M.D. 

Attending Physician, Department of Medicine 
Cardiology Service 
Physician-in-Charge, Coronary Care Unit 
Montefiore Hospital and Medical Center 


Ira L. Rubin, M.D, 
Attending Physician, Department of Medicine 
Cardiology Service 
Head, ECG Department 
Montefiore Hospital and Medical Center 


285 pages * 1974 * Price: $7.50 


Featuring 100 all-new patient-centered ECG case studies, 
this volume presents the pathological as well as non- 
pathological conditions which produce changes on electro- 
cardiograms. The cases cover a wide range of commonly 
encountered problems, and are designed to develop the 
physician’s ability to analyze an ECG witha brief clinical 
history as the background. The ECG’s presented in this 
new edition will be particularly helpful in the study and 
treatment of arrhythmias, contour changes, hemiblocks, 
heart block, and pacemakers. Illustrative ECG’s covering 
these areas, as well as the more commonly occurring elec- 
trocardiographic patterns and rhythms, are included. 


MEDICAL EXAMINATION PUBLISHING CO., INC. 
65-36 FRESH MEADOW LANE 


FLUSHING, NEW YORK 11365 


Please send the following books: 

— —— (#001) Cardiology Case Studies ......... $10.00 
($003) ECG Case Studies, 2nd Ed. ..... 7.50 
(#040) Echocardiography Case Studies. 12.00 








[ ] My check is enclosed to avoid billing fee. 


L] Bill me. I will remit payment within 30 days, 
including mailing charges. 


"NEW CASE STUDY BOOKS! 


ECHOCARDIOGRAPHY CASE STUDIES 
By 


Jack J. Kleid, M.D. 
Assistant Professor of Medicine 
Director of Heart Station and Non-Invasive Laboratory 
New York Medical College, New York 


Nelson B. Schiller, M.D. 
Assistant Clinical Professor of Medicine 
Head, Laboratory of Indirect Function Evaluation 
University of California at San Francisco 


166 pages * Fully Illustrated * 1974 * Price: %12,00 


This outstanding volume is a timely compendium of 58 
case studies, encompassing a broad range of cardiac 
pathology. Echocardiography, a relatively recent, non- 
invasive technique, allows accurate and reliable identifi- 
cation of many of the cardiovascular conditions. It is a 
method of diagnosis which cardiologists, radiologists, and 
all practitioners interested in modern approaches to treat- 
ment, will find of significant value. This volume is a 
heipful guide to those who wish to increase the knowledge 
and practical skills required in the correct application 
and interpretation of echocardiography. Each case history 
is accompanied by its clinical correlation, an echocardio- 
gram, and appropriate interpretation. Suggested references, 
as well as a table of normal measurements and formulae, — 
are included for further study and in-depth review. 


Among the cases covered in Echocardiography Case 
Studies are the following: 


* Mitral Valve Prolapse (Barlow's Syndrome) 
* Idiopathic Hypertrophic Subaortic Stenosis 


* Differential Diagnosis of Cardiomyopathy 
vs. Pericardial Effusion 


* Bjork-Shiley Aortic Valve 

* Tetralogy of Fallot 

* Ventricular Septal Defect 

* Ostium Primum 

* Cor Pulmonale 

* Tricuspid Insufficiency 

* Tachycardia and Cardiomyopathy 


* Primary Pulmonary Hypertension 
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AVAILABLE AT BOOKSTORES 
OR BY USING THIS COUPON 
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DVAZID 


Each capsule contains 50 mg. of Dyrenium? (brand of 
triamterene) and 25 mg. of hydrochlorothiazide. 








Trademark 


No potassium supplements 
No special K* rich diets 
Just 'Dyazide' once daily or twice daily 


Studies have demonstrated that two prime reasons patients drop out of hypertensive 
therapy are: (1) the patient failed to understand directions, and (2) the regimen was 
overly complicated.* Dosage is simple with *Dyazide', easily understood, once or 
twice daily, depending on response. There's no need to complicate the regimen with 
potassium supplements or unwieldy potassium-rich diets. 


"Dyazide' can occasionally cause hyperkalemia. Serum potassium and BUN should 
be checked during therapy, particularly in patients with suspected or confirmed renal 
insufficiency (e.g., elderly or diabetic patients). If hyperkalemia develops, ‘Dyazide’ 
should be withdrawn and a thiazide alone substituted. 

The Dyrenium? (triamterene, SK&F) component of ‘Dyazide’ conserves potassium. 
Therefore, dietary potassium supplements or potassium salts should not be used with 
‘Dyazide’ unless hypokalemia develops or dietary intake of potassium is markedly 
impaired. 

Use 'Dyazide' with caution during pregnancy or in women who might bear children; 
potential benefits should be weighed against possible hazards to the fetus. 


See next page for indications and brief prescribing information. 


*E.D. Freis: The Modern Management of Hypertension, V.A. Information 
Bulletin, 11-35. 


‘DYAZIDE’ 
TO KEEP BLOOD PRESSURE DOWN 
AND KEEP POTASSIUM LEVELS UP 


KEEP THERAPY SIMPLE WITH 





AZIDE 


Each capsule contains 50 mg. of Dyrenium? (brand of triamterene) 
and 25 mg. of hydrochlorothiazide. 


TO KEEP BLOOD PRESSURE DOWN 
AND KEEP POTASSIUM LEVELS UP 


Trademark 





Before prescribing, see complete prescribing 
information in SK&F literature or PDR. The 
following is a brief summary. 

Indications: Edema associated with congestive 
heart failure, cirrhosis of the liver, the nephrotic 
syndrome; steroid-induced and idiopathic 
edema; edema resistant to other diuretic therapy. 
Also, mild to moderate hypertension. 
Contraindications: Pre-existing elevated serum 
potassium. Hypersensitivity to either com- 
ponent. Continued use in progressive renal or 
hepatic dysfunction or developing hyperkalemia. 
Warnings: Do not use dietary potassium supple- 
ments or potassium salts unless hypokalemia 
develops or dietary potassium intake is markedly 
impaired. Enteric-coated potassium salts may 
cause small bowel stenosis with or without 
ulceration. Hyperkalemia (> 5.4 mEq/L) has 
been reported in 4% of patients under 60 years, 
in 12% of patients over 60 years, and in less 
than 8% of patients overall. Rarely, cases have 
been associated with cardiac irregularities. 
Accordingly, check serum potassium during 
therapy, particularly in patients with suspected 
or confirmed renal insufficiency (e.g., elderly or 
diabetics). If hyperkalemia develops, substitute 
a thiazide alone. If spironolactone is used 
concomitantly with ‘Dyazide’, check serum 
potassium frequently — both can cause potassium 
retention and sometimes hyperkalemia. Two 
deaths have been reported in patients on such 
combined therapy (in one, recommended 
dosage was exceeded; in the other, serum elec- 
trolytes were not properly monitored). Observe 
patients on ‘Dyazide’ regularly for possible 
blood dyscrasias, liver damage or other idio- 
syncratic reactions. Blood dyscrasias have been 
reported in patients receiving Dyrenium 
(triamterene, SK&F). Rarely, leukopenia, 
thrombocytopenia, agranulocytosis, and aplastic 
anemia have been reported with the thiazides. 
Watch for signs of impending coma in acutely 

ill cirrhotics. Thiazides are reported to cross the 
placental barrier and appear in breast milk. 
This may result in fetal or neonatal hyperbili- 
rubinemia, thrombocytopenia, altered carbo- 
hydrate metabolism and possibly other adverse 
reactions that have occurred in the adult. When 
bear children, weigh potential benefits against 
possible hazards to fetus. 

Precautions: Do periodic serum electrolyte and 
BUN determinations. Do periodic hematologic 
studies in cirrhotics with splenomegaly. Anti- 
hypertensive effects may be enhanced in post- 
sympathectomy patients. The following may 
occur: hyperuricemia and gout, reversible 
nitrogen retention, decreasing alkali reserve 
with possible metabolic acidosis, hyperglycemia 
and glycosuria (diabetic insulin requirements 
may be altered), digitalis intoxication (in 
hypokalemia). Use cautiously in surgical 
patients. Concomitant use with antihypertensive 
agents may result in an additive hypotensive 
effect. 

Adverse Reactions: Muscle cramps, weakness, 
dizziness, headache, dry mouth; anaphylaxis; 
rash, urticaria, photosensitivity, purpura, other 
dermatological conditions; nausea and vomiting 
(may indicate electrolyte imbalance), diarrhea, 
constipation, other gastrointestinal distur- 
bances. Rarely, necrotizing vasculitis, pares- 
thesias, icterus, pancreatitis, and xanthopsia 
have occurred with thiazides alone. 

Supplied: Bottles and Single Unit Packages of 
100 capsules. 


SKS&F CO. 
Carolina, P.R. 00630 
Subsidiary of SmithKline Corporation 
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Why do the majority of ICU/CCUS - 
depend on the American Long Term 
monitoring electrode system? 



















Gel cup maintains a stable col- 
umn of electrolyte. Motion arti- 
fact is reduced; adhesion loss 
due to gel squeeze out is elimi- 
nated. 


Gel pad is saturated with the 
proper amount and type of low 
.. impedance gel to deliver im- 
mediate base line stability and 


essive 
jressiv continued high performance. 


iesive and the gel 

liner cup provide up 10 0 
en days of reliable 
nitoring. 
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ully shielded patient cables 
are available for most brands of 
ECG monitoring equipment. 






dvanced cz 
sign provide a low no 


pen cell foam contributes to 
life system. 


gh levels of patient comfort. 


This is the system that has established Open cell foam complements the elec- Please contact your American Hospital 


new standards for high performance in  trode's mild gel formulation and low Supply or NDM representative 
long term ECG monitoring. profile to enhance patient comfort. and ask for: : 
Desiened fi inel tient . th When used as directed, American's " A demonstration of the system’s 

CL e RM E er Fui Long Term Electrode provides from benefits. ; 


self-adhering silver/silver chloride : 
slectrode is pregelled with the correct — !iVe to seven days of continuous, accu- — & A no obligation clinical trial. Ameri- 
amount of proper electrolyte. Adhe- rate monitoring ... with no discomfort can will supply electrodes, leadwires 


sion loss and electrolyte evaporation ‘° the patient. and cables to adapt to your present 
are virtually eliminated by the gel re- This advanced electrode, used with the monitoring equipment during the trial 
taining cup. The results: Immediate appropriate American leadwire and period. 

base line stability and better long term cable, is fully compatible with your = A total inservice for your staff. 
performance than any other electrode present ECG equipment. « Information about our nationwide 
reusable or disposable—is capable A clinical trial will show you why the technical support program. 

of delivering. American Long Term Electrode system 


is the overwhelming choice of ICU/ 
"m CCU's throughout the country. 






I c [ | Manufactured in U.S.A. by NOM Corporation, Dayton, Ohio 45439 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION + General Offices. 1450 Waukegan Road, McGaw Park. Minois 60085 
The Long Term electrode is protected by NOM Corp. by the following U.S. Patents: 3,696,807. 3,701,346; 3,713,435 


Iti 


"n 





AMERICAN 
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Peritrate SA 


Sustained Action 
(pentaerythritol tetranitrate) B0 mg 


CAUTION: Federal law prohibits dispensing 
without prescription. 


Each tablet of Peritrate SA Sustained Action 
contains: pentaerythritol tetranitrate 80 mg 
(20 mg in immediate release layer and 60 
mg in sustained release base). Peritrate* 
(pentaerythritol tetranitrate) is a nitric acid 
ester of a tetrahydric alcohol (pentaerythritol). 


Indications: Based on a review of this 
drug by the National Academy of 
Sciences — National Research Council 
end/or other information, FDA has 
classified the indications as follows: 

"Possibly" effective: Peritrate 
(pentaerythritol tetranitrate), is indicated 
for the relief of angina pectoris (pain 
associated with coronary artery dis- 
ease). It is not intended to abort the 
acute anginal episode but it is widely 
regarded as useful in the prophylactic 
treatment of angina pectoris. 

Final classification of the less-than- 
effective indications requires further 
investigation. 





Contraindications: Peritrate SA Sustained 
Action (pentaerythritol tetranitrate) 80 mg is 
contraindicated in patients who have a his- 
tory of sensitivity to the drug. 

Warning: Data supporting the use of Peritrate 

(pentaerythritol tetranitrate) during the earlv 

days of the acute phase of myocardial infarc- 

tion (the period during which clinical and 
laboratory findings are unstable) are insuf- 
ficient to establish safety. 

This drug can act as a physiological 
antagonist to norepinephrine, acetylcholine, 
histamine, and many other agents. 
Precautions: Should be used with caution in 
patients who have glaucoma. Tolerance to 
this drug, and cross-tolerance to other 
nitrites and nitrates may occur. 

Adverse Reactions: Side effects reported to 

date have been predominantly related to rash 

(which requires discontinuation of medica- 

tion) and headache and gastrointestinal 

distress, which are usually mild and transient 
with continuation of medication. In some 
cases severe persistent headaches may 
occur. 

In addition, the following adverse re- 
actions to nitrates such as pentaerythritol 
tetranitrate have been reported in the 
literature: 

(a) Cutaneous vasodilatation with flushing. 

(b) Transient episodes of dizziness and 
weakness, as well as other signs of 
cerebral ischemia associated with postu- 
ral hypotension may occasionally 
develop. 

(c) An occasional individual exhibits marked 
sensitivity to the hypotensive effects of 
nitrite and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur, 
even with the usual therapeutic doses. 
Alcohol may enhance this effect. 

Dosage: Peritrate SA Sustained Action 

(pentaerythritol tetranitrate) 80 mg (b.i.d. on 

an empty stomach), 1 tablet immediately on 

arising and 1 tablet 12 hours later. 

Supplied: Peritrate SA Sustained Action 

(pentaerythritol tetranitrate) 80 mg, double 

layer, biconvex, dark green/light green tab- 

lets in bottles of 100 and 1000. 


Additional Dosage Forms: Peritrate 20 mg— 


light green, scored tablets; Peritrate 10 mg— 
light green, unscored tablets. Bottles of 100 
and 1000. Full information is available on 
request. 


Warner/Chilcott 


Div. Warner-Lambert Company 
Morris Plains, N.J. 07950 
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WANT FASTER SERVICE? 


If you... Change your Address? 
... Need Information? 


ATTACH YOUR PRESENT ADDRESS LABEL BELOW 


AFFIX LABEL 


If you have a new address please print it 
below. You MUST include your ZIP code. Post 
Office rules will not permit us to send your 
magazine to you without it. 


NAME 





TITLE 


COMPANY 


ADDRESS 





OY LL edens SITS zip 








Clip this entire form and attach it to any other 
correspondence you may have for us and mail 
to eee 


American Journal of Cardiology 
Dun-Donnelley Publishing Corporation 


Yorke Medical Journals 
Circulation Department 


666 Fifth Avenue, New York, N.Y. 10019 
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It may be years before he experiences a single symptom of 
hypertension. But left untreated, even mild to moderate eleva- 
tions of blood pressure may quietly strip years from an other- 
wise healthy and active life. Early control with DIUCARDIN 
may help forestall damage to healthy target organs. 


DIUCARDIN provides approximately the same diuretic potency 
as hydrochlorothiazide at maximal therapeutic dosage. With 


DIUCARDIN, the onset of diuresis is gradual and may be main- 
tained for twelve hours or more with a single dose.!? The anti- 
hypertensive effect of DIUCARDIN is usually maintained in 
long term use. For many patients on DIUCARDIN, a convenient 
once-a-day dosage may suffice. 
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DIUCARDIN provides a good beginning for many hypertensive 
patients. DIUCARDIN 50 mg. Tablets. For mild to moderate 
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- diuretic/antihypertensive 
BRIEF SUMMARY 


(Fer, full prescribing do Fd RR. see package circular) 


ACTIONS: The primary action of the:thiazide diuretics is to produce 
re sby i increasing the renal excretion of sodium and chloride. They 
the mechanism for tubular reabsorption of sodium and chloride 
ction on the distal segment. At maximal therapeutic dosage 

hiazides are approximately equal in their diuretic potency. 
The mechanism(s) of the antihypertensive action of the thiazides has 

‘not been elucidated, 

NDICATIONS: Hypertension: DIUCARBIN alone may provide adequate 
control in mild or moderate hypertensien. In severe hypertension or in 
cases of mild or moderate hypertension which do not respond ade- 
quately, DIUCARDIN may be used in corjunction with other antihyper- 


; DICARDIN done or in conjunction with other antihypertensive agents 
, isindicated for control of hypertension in pregnancy. (See WARNINGS) 


: Edema: DHUCARDIN. is indicated as adjunctive therapy in edema asso- 
ciated with congestive. heart failure. hepatic cirrhosis, and cortico- 


- Diucarow js indicated in severe edema during pregnancy. (See 
WARNINGS) 

DIUCARDIN is indicated in the treatment of edema due to various 
forms of renal dysfunction, e.g. nephrotiz syndrome, acute glomerulo- 
nephritis. and chronic renal failure. 

Es NTRAINDICATIONS: Anuria. oliguria. Hypersensitivity to 
=o DIUCARDIN or other sulfonamide derivatives. 


-The routine use of diuretics in an otherwise healthy pregnant woman 


.— with or without mild edema is contraindicated and possibly hazardous. 


ud WARNINGS: Use with caution in severe-renal disease since thiazides 
lay precipitate azotemia. Effects due to accumulation of the drug may 
occur it patients with impaired renal funcrion. 

jse with caution in patients with impaired hepatic function or pro- 
pr . gressive liver disease since minor changes of fluid and electrolyte 
balance may precipitate hepatic coma. 


a “Use with caution when hydroflumethiazide is administered in con- 


.— function with other antihypertensive agents. Lowering of dosage of 
< these agents is usually indicated. Thiazides potentiate ganglionic or 
a peripheral adrenergic blocking drugs. 
- Sensitivity reactions may occur in patients with a history of allergy or 
bronchial asthma. 
"The possibility of exacerbation or activation of systemic lupus erythe- 
matosus has been reported. 


and During Lactation: Thiazides cross the pla- 
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ae cause. fel or neonatal hyperbilirubinemia, thrombocytopenia, altered 

Ic "metabolism and other adverse reactions. Therefore, the 

fit is of thiazide. administration in women of childbearing 

ighed against the possible hazards to the fetus or child. 

; Tests should. be made a appropriate intervals to 

x . ie; hypokalemia, Typonairemia, 
aking thiazides. 
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In actual salt depletion 


Hypochloremia is generally mild andi ally does not aes goal 
treatment except under extraordinary circumstances. as in renal or 
liver disease. 

The possibility of development of innu cr fluid imbalance is 
increased by brisk diuresis, severe liver disease, or concomitant admin- 
istration of medications such as digitalis, ACTH, and corticosteroids. 
Adequate oral intake of electrolytes should be maintained to minimize 
the possibility of electrolyte imbalance. 

If a progressive increase in serum nitrogen occurs, a careful appraisal of 
the patient's condition should be made to determine whether diuretic 
therapy should be continued. 

Because of the possibility of hypokalemia developing, patients taking 
digitalis should be followed carefully since a decrease in body potassium 
may necessitate lowering digitalis dosage. 

Plasma uric acid levels may be increased and could. in susceptible 
patients, precipitate an attack of gout. 


Thiazides alter carbehydrate metabolism. Patients who have ciabetes 
mellitus or are suspected of being prediabetic should be followed 
closely since hypergiycemia and glycosuria may occur. Dosage adjust- 
ment of antidiabetic agents is frequently indicated. 

Thiazides may decrease serum PBI without signs of thyroid disturbance. 
Thiazides act to decrease the response of the peripheral arterial system 
to catecholamines and te enhance the effects of curare and its deriva- 
tives. Caution should be exercised in administering general anesthesia 
or curare derivativesto patients taking thiazides. 

The antihypertensive effect of thiazides may be enhanced following 
sympathectomy. 

ADVERSE REACTIONS: Gastrointestinal: anorexia, gasiric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, acute pancreatitis. 
Central Nervous System: dizziness, vertigo, headache, paresthesias, 
xanthopsia, restlessness. 

Hematologic: leukopenia, thrombocytopenia, agranulocytosis, aplastic 
anemia. : 

Allergic: purpura, photosensitivity, rash, urticaria. necrotizing angiitis, 
exfoliative dermatitis, glomerulonephritis, intrahepatic cholestatic 
hepatitis. 

Cardiovascular: orthostatic hypotension (may be aggravated by alcohol, 
barbiturates, or narcotics). 

Musculoskeletal: muscie cramps, weakness. 

Clinical Laboratory Test Findings: electrolyte imbalance, elevation of 
serum nitrogen, elevation of plasma uric acid, hyperglycemia and 
glycosuria, decreased serum PBI levels. 

DOSAGE AND ADMINISTRATION: Usual adult dosage: 50-100 mg. 
per day. 

The dosage regimen should be individualized to obtain the maximum 
effect at the lowest dosage level. Dosage regimens using 25 mg. 
DIUCARDIN. (hydroflumethiazide) may be adequate in some cases. 
Dosage should not exceed 200 mg. per day. 

HOW SUPPLIED: Diucartun — No. 702-- Each scored tablet con- 
tains 50 mg. hydroflumethiazide, in bottles of 100 and 1,000. 


References: 1. A.M.A. Drug Evaluations, ed. 2. Acton. Massachusetts, 


Publishing Sciences Group, Inc., 1973, p. 70. 2. Blagg, C.R.: Hydro- 
flumethiazide, a new oral diuretic, Lancet 2:311 (Sept.} 1959. 
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tions: If the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 
i pst s group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accorcingly. 
| impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 
t ssium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. T^e diuretic 
well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
sé conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Cigoxin during digitalization 
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n is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
ial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 


n ed the TA manifestations of toxicity with digoxin iie the 6 cardiac Bones 
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The relations among left ventricular hypertrophy, equatorial and me- 
ridional wall stresses, ventricular chamber shape and performance are 
described for the first time on the basis of data from 122 patients with 
valvular, coronary or primary myocardial heart disease. Patients were 
studied by biplane angiocardiograms; pressure-volume data were pro- 
cessed by computer. The results indicate that if the left ventricle di- 
lates because of myocardial injury, the following changes occur: Ven- 
tricular shape becomes more spherical, circumferential shortening and 
wall thickening diminish, myocardial fiber orientation changes, meridi- 
onal stress increases and equatorial stress remains within normal lim- 
its. However, if the ventricle dilates because of volume overload with 
intact myocardial function, then ventricular shape, circumferential 
shortening, wall thickening and fiber orientation remain relatively intact 
compared with findings in impaired hearts of equivalent size; both me- 


. ridional and equatorial wall stresses increase, and to the same degree, 


but the alterations may not reflect increased force per myocardial fiber 
if Shape and fiber orientation are taken into consideration. 


Since the report of Wood! in 1892, several investigators, including 
Burch et al.,? Burton? and Badeer,* have emphasized the relation of 
heart size to ventricular wall stress and extent of myocardial hyper- 
trophy in heart disease. Equations for calculating left ventricular wall 
stresses from angiographic data have been developed.5^-? Falsetti et 
al.? and Hood et al.!? both studied left ventricular wall stress in small 
series of patients. They concluded that left ventricular wall hypertro- 
phy, as it develops in patients with chronic heart disease, tends to 
normalize wall stress. Nevertheless, both studies included several pa- 
tients with aortic regurgitation or other types of pressure-volume 
overload who had elevated values for left ventricular wall stress. Be- 
cause of limited and conflicting data, it is not yet clear if left ventric- 
ular wall stress values are of benefit in understanding myocardial hy- 
pertrophy or function in patients with chronic heart disease. More 
importantly, the relations among equatorial and meridional stresses, 
left ventricular chamber shape, performance and myocardial fiber 
orientation have not been described. This report examines these 













pli ent sana pressure transducers (Kulite 
;; Micron MP-15 or Microdot MS-5-S). On occa- 
am P23 Gb strain gauge with an ultralow vol- 
cement was used. These catheter manometer 
ested on a sine wave pressure generator have uni- 
de responses to 20 cycles/sec with resonant 
‘more than 100 cycles/sec. 
, ventricular dimensions, volumes and mass were de- 
yy the length-area method from biplane angio- 
phis films obtained at a rate of 12/sec.!!!2 The 
ethed for determining left ventricular mass has been vali- 
odated previously in this laboratory by comparison with 
 postmortem left ventricular weights!5; it provides a mea- 
-sure cf total left ventricular mass and does not distinguish 
between : viable myocardium and scar tissue. Because of in- 
accuracies in direct measurements of wall thickness from 
 angiographic films during systole,!^-!? left ventricular wall 
thickness throughout the cardiac cycle was calculated from 
instantaneous anteroposterior and lateral internal radii 
-and end-diastolic ventricular mass assuming an ellipsoidal 
; model and constant mass, as suggested by Hugenholtz et 
-al.)5 and validated by Sanmarco and Davila.!? All dimen- 
sional data were obtained from the first two or three cycles 
after injection of contrast medium since it has been demon- 
; in man!*!? that during this period measurements 
are not affected by radiographic contrast medium; even in 






































were digitized 1 dor computer pream 4 ona model "6400 = 
Control Data Corporation computer. Digitized pressures 
were high frequency-limited to 30 hertz, and digitized vol-. — 
ume data were filtered by a low pass digital filter having — 
linear attenuation from 3 to 6 hertz. These frequency limits . 
for filtering dimensional data were chosen to reduce © 
methodologic random variations or "static" yet retain 
faithful wave forms o? ventricular dimensions throughout. 
the heart cycle. Fourier analysis of ventricular volum: 
curves in this laboratory indicates that these frequency 
limits are optimal for obtaining accurate, mathematically. 
smooth volume and dimension curves for purposes of dif- ^. 
ferentiation. Our results agree with those of Vayo,?! who 
has also studied ventricular volume curves by Fourier anal- - 
ysis. All curves of pressure, ventricular dimensions and vol- - . 
ume during a heart cycle were digitally filtered and regen- — 
erated by computer; the derived variables were calculated. i 
every 0.01 second. | 
Left ventricular wail stresses in meridional and equato- ; 
rial directions were computed for a mid-wall point at the .. 
equator utilizing the following equations for an ellipsoid. - 
adapted from the equations of Sandler and Dodge? to take... 
into account unequal minor radii in the anteroposterior 
and lateral views: | 


(pK Rap XR.) 


—————M A's Tre ENAA 


Meridional io,) = hR. + Ra Fh) 
ap at 


Equatorial (o,) = . 





D 7 TAR, + Ra + h) 


where oc is wall stress (Fig. 1), p is left ventricular pressure, 





FIGURE 1. Drawing of a section of wail from a | 
ditated left ventricle. Increased range of myo- 
core fiber haa (A) is Mor wi 





— his wall thickness, L is the longest left ventricular chamber 

length on anteroposterior or lateral angiocardiograms and 
Rap and Riiat are the minor internal radii of the ventricle 
calculated by the length-area method in anteroposterior 
and lateral views.11.22 

Hood et al.? found that equatorial stresses calculated 
from the equations of Sandler and Dodge? are only 5 to 15 
percent greater than those calculated from equations based 
on à thick wall model; Falsetti et al.? reported a difference 
of only 9 percent. Experimentally, wall stresses calculated 
for an ellipsoid model compare closely with values mea- 
sured directly in the intact heart.24 Recently McHale and 
Greenfield? concluded from studies in experimental ani- 
mals that these equations somewhat overestimated mea- 
sured stress values, but thick wall models tended to under- 
estimate measured stress. Furthermore, peak stress values 
occur early during systole, when the ventricular cavity is 
near end-diastolic size, before the appearance of significant 
trabecular irregularities, which are a potential source of 
error in determining wall thickness later in systole. Ejec- 
tion fraction of the left ventricle was calculated as angio- 
graphic stroke volume divided by end-diastolic volume. 
Left ventricular systolic stroke work was calculated as the 
area underneath the systolic portion of the pressure-vol- 
ume loop.?® 

Ventricular chamber shape is quantitatively described 
by the R2/R ratio where Rs is the geometric mean of ante- 
roposterior and lateral radii in the equatorial plane deter- 
mined by the length-area method and R; is one half of the 
internal length; the R;/R, ratio is the same as the diameter 
to length ratio of the ventricular chamber. 

Diastolic to systolic changes in internal radius, length 
and wall thickness were calculated as percent of end-dia- 
stolic measurements. Ventricular volume dimensions and 
wall stress in equatorial and meridional planes were calcu- 
lated from computer-smoothed regenerated pressure and 
dimension data at every 0.01 second interval throughout 
the heart cycle for each patient. 


Case Material 


The 122 patients in this study were grouped as follows: 

Group A: 12 patients without heart disease. These pa- 
tients had normal coronary arteriograms and left ventricu- 
lar hemodynamic measurements. 

Group B: 19 patients with coronary artery disease by ar- 
teriography who had no discrete areas of segmental myo- 
cardial dysfunction. These patients were selected to permit 
evaluation of ventricular shape, stress and function in pa- 
tients with mild myocardial impairment. 

Group C: 20 patients with coronary artery disease by ar- 
teriography who had localized areas of akinesia or dyskine- 
sia. Because internal radii, and therefore circumferences, 
are calculated by the length-area method, they are in- 
creased by the presence of localized disease to the extent 
that the area of the ventricle is increased over normal by 
local abnormalities in the ventricular wall. Thus, in these 
patients, internal dimensions, stress, work and power cal- 
culations are the overall, combined or average results of ab- 
normal and normal sections of myocardium acting togeth- 
er. 
Group D: 15 patients with severe (usually three vessel) 
coronary artery disease and generalized hypokinesia of the 
left ventricle. Since it is difficult to separate diffusely hy- 


' . pokinetic ventricles from those with multiple areas of seg- 
= _ mental dysfunction, patients with ejection fractions of 26 


. percent or less were classified as having diffuse hypokin- 
esis. 
Group E: 19 patients with primary nonobstructive car- 
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diomyopathy. Fifteen of these patients had normal coro- 


nary arteries, increased ventricular mass and grossly abnor- 


mal left ventricular hemodynamic measurements. In four 
patients coronary arteriograms were not obtained because 
the clinical diagnosis of cardiomyopathy appeared certain. 

Groups F to I: 37 patients with valvular heart disease 
and various degrees of ventricular dysfunction. Patients 
were classified by type of valvular lesion regardless of sta- 
tus of myocardial function as follows: F aortic stenosis, G 
aortic insufficiency, H mitral stenosis, I mitral regurgita- 
tion. 

Groups A to E represent normal subjects and patients 
with increasingly severe myocardial dysfunction. They 
were separated on the basis of coronary arteriographic 
findings and the presence of localized dyskinesia or diffuse 
hypokinesis of the left ventricle. Groups F to I represent 
patients having chronic volume or pressure overload, or 
both, due to valvular dysfunction and are classified by type 
of lesion regardless of ventricular performance. These pa- 
tients were analyzed separately from groups A to E because 
of the problems in assessing ventricular performance in the 
presence of mechanical or valvular malfunction. Groups H 
and I were small since patients with atrial fibrillation were 
excluded from the study; they are therefore not typical of 
patients with mitral valve disease. 


Results 


Hemodynamic and angiographic data: The 
mean values and standard deviations of selected he- 
modynamic and quantitative angiographic data pre- 
sented in Table I characterize the various groups of 
patients. Values of t and significance according to 
Student's t test?" are given for each group in compar- 
ison with normal subjects. End-diastolic and end-sys- 
tolic volumes per square meter of body surface area 
were increased in all forms of heart disease, but end- 


systolic volume was proportionately more abnormal 


than end-diastolic volume in patients with myocar- 
dial impairment. For example, in patients having se- 
vere coronary and primary myocardial disease 
(Groups D and E), end-systolic volume was approxi- 
mately four times greater than normal but there was 
only a two-fold increase in end-diastolic volume. 
Stroke volume and systolic stroke work per square 
meter of body surface area progressively decreased 
with diminishing ventricular function but were in- 
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creased in patients with aortic valve disease. Ventric- 


ular mass was significantly increased in most groups. 
Ejection fraction decreased with progressive myocar- 
dial injury in patients with coronary and primary 
myocardial disease. It was also somewhat lower than 
normal in some of the groups with valvular disease, 
partly because patients with rheumatic disease were 
classified by lesion regardless of myocardial function 
and partly perhaps because of Starling preload or af- 
terload effects on end-diastolic and systolic volumes. 
Left ventricular wall stresses: Table II shows 
mean values for peak systolic and end-diastolic wall 
stresses in equatorial (c9) and meridional (c1) planes. 
Increased end-diastolic stress in both directions was 
caused by increased end-diastolic pressure or volume, 
or both, relative to wall thickness whether due to 
myocardial or valvular malfunction; the highest mean 
values (more than four times normal) were found in 
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TABLE Il 
Left Ventricular Wall Stresses (g/cm?) 





End-Diastolic 





aortic insufficiency. Peak systolic stress in the equa- 
torial direction was within normal limits in all groups 
with the exception of the patients with aortic insuffi- 
ciency (Group G). Increased equatorial peak stress in 
this group was not due to a few individual high values 
in patients with poorly functioning, dilated hearts. 
For example, the two patients with the lowest ejec- 
tion fractions (20 and 29 percent, respectively) had 
peak stress values within 1 standard deviation of nor- 
mal. The observed elevation in the value for mean 
equatorial stress occurred because a majority of pa- 
tients in Group G had stress values greater than 1 
standard deviation above normal, unassociated with 
decompensated heart failure. Peak meridional stress 
was significantly increased in patients with advanced 
coronary or primary myocardial disease and in those 
with aortic insufficiency. 

Left ventricular shape and dimensions: Quanti- 
tative measures of left ventricular shape and dimen- 
sions are shown in Table III. In normal hearts inter- 
nal ventricular diameter in systole was approximate- 
ly one half of the length as indicated by the R»o/R; 
ratio of 0.49 + 0.04 (standard deviation). In severely 
damaged enlarged hearts this ratio increased consid- 
erably. In patients with aortic insufficiency the sys- 
tolic R2/R, ratio was 0.53 + 0.04, which is only slight- 
ly higher (P <0.02) than the normal value; the dia- 
stolic R2/R, ratio was within normal limits. The simi- 
lar values of these ratios are particularly significant 
— since ventricular volumes in the patients with aortic 

insufficiency were larger than in any other group. 


Peak Systolic 
Equatorial Meridional Equatorial Meridional 
Group A 358 + 74 174+ 39 29+ 13 15 sks 
(normal) (12) 
Group B 355.2. 55 176 + 33 37 + 19 19+ 10 
(CAD, normal ventricle) (19) NS NS NS NS 
Group C 382 + 68 199 + 41 41+ 23 22 2:13 
(CAD; localized dyskinesia) (20) NS NS NS NS 
Group D 416 + 100 223 +61 108 + 57 62 + 34 
(CAD; generalized hypokinesia) (15) NS fy i t = 4.7 t = 4.6 
P< 0.02 P< 0.001 P< 0.001 
Group E 387 + 63 205 + 37 76+ 41 42+ 24 
(primary nonobstructive NS tz2.2 tz 3.9 t £x 3.9 
cardiomyopathy) (19) P< 0.02 P< 0.001 P< 0.001 
Group F 384 + 96 175 + 48 53 + 29 23-13 
(aortic stenosis) NS NS t22.5 t= 2.3 
(12) P< 0.02 P< 0.05 
Group G 458 + 113 231+ 64 132+ 91 70 + 49 
(aortic insufficiency) t= 2.7 t= 2.8 t=.3.8 t= 3.9 
| (16) P « 0.02 P « 0.01 P< 0.001 P < 0.001 
. Group H 413.+ 101 203 + 51 57.35.33 30 + 18 
(mitral stenosis) NS NS tz5.6 b= '2H 
im" (6) P< 0.02 P< 0.025 
Group | 324 + 94 165 + 60 58 + 29 32+ 18 
(mitral regurgitation) NS NS t= 2.8 tm2. 
(3) P< 0.02 P< 0.02 


Other dimensions and percent systolic-diastolic 


changes in dimensions are also shown in Table III. 
Patients with aortic insufficiency had much larger 
systolic-diastolic changes in radius and wall thickness 
than other groups with comparable end-diastolic vol- 
ume. Calculated wall stresses were a poor measure of 
ventricular function (Fig. 2). The correlation between 
ejection fraction and equatorial wall stress was poor 
for the 122 patients. 


Discussion 


Ventricular wall stress, shape and dimensions 
in aortic insufficiency: Previous reports support 
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FIGURE 2. Correlation of equatorial wall stress with ejection fraction 
(r = —0.14). 
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VENTRICULAR SHAPE, WALL STRESS AND ) PERFORMANCE—GOULD ET AL. 


the general hypothesis that left ventricular wall 


stress tends to be normalized by wall hypertrophy in 
chronic heart disease. However, in our study equato- 
rial wall stress of the left ventricle was not main- 
tained within normal limits in patients with volume 
overload due to aortic insufficiency. Thus, our find- 
ings appear to negate the general hypothesis that hy- 
pertrophy develops to a degree that normalizes equa- 
torial wall stress. Consideration of left ventricular 
shape and its relation to ventricular function and 
myocardial fiber orientation may provide an explana- 
tion for this exception. Although patients with aortic 
insufficiency had marked increases in ventricular vol- 
umes, more than those of any other group, they had 
an internal diameter to length ratio close to normal. 
The equations for stress indicate that, as a ventricle 
dilates, equatorial stress tends to decrease if the ven- 
tricle assumes a spherical shape whereas it tends to 
increase if an ellipsoidal shape is maintained. 'Thus, 
peak equatorial stress in aortic insufficiency may be 
increased in part because ventricular diameter to 
length ratio is maintained near normal by a normally 
functioning myocardium. 

Myocardial fiber orientation, which is closely relat- 
ed to ventricular shape, may also be important in ex- 
plaining increased equatorial stress in aortic insuffi- 
ciency. Jean et al.?? have demonstrated that myocar- 
dial fiber orientation or fiber angle is dependent on 
eccentricity of the heart. If eccentricity, and there- 
fore fiber orientation, were maintained within normal 
limits as ventricular dilatation and wall thickening 
developed, the proportion of fibers lying in or near 
the equatorial plane. would increase. In a dilated 
heart with normal elliptical shape and diameter to 
length ratio, more fibers would be equatorially ori- 
ented than in an equally dilated heart with a more 
spherical shape. In the enlarged heart with normal 
shape, increased equatorial wall stress would then be 
more effectively borne or developed by equatorial 
myocardial fibers, and stress per myocardial fiber 


TABLE IV 


Peak Ventricular Wall Stresses, Percent Elevation Over 
Normal Values 


Estimated 
Meridional ^ Equatorial  Equatorial* 
Group A (normal) (12) 174 g/cm? 358 g/cm? 358 g/cm? 
Group D 
(CAD; generalized 
hypokinesia) (15) 28% 16% 24% 
Group E 18% 8% 14% 


(primary nonobstructive 
cardiomyopathy) (19) 

Group G 33% 28% 31% 
(aortic insufficiency) (16) 


* Estimated equatorial stress if the ratio of minor radius to 
major radius were maintained within normal limits. See text for 
explanation. 

Figures in parentheses indicate number of patients. 

CAD = coronary artery disease. 
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might be rant Figure 1 illustrates how differences. 
in fiber orientation may affect stress development. 
over the same number of fibers per cross-sectional 
area of wall in two equally enlarged hearts. The actu- 
al force per myocardial fiber may be normal depend- 
ing on left ventricular shape and fiber orientation. — . 
Functionally, ventricular contraction in aortic in- | 
sufficiency also indicates that a normal or increased 
proportion of myocardial fibers lie in or near the. 
equatorial plane. In patients with aortic insufficiency | 
internal radius decreased by 21 percent, only slightly 
less than the normal decrease of 28 percent (Table 
ID, whereas in other patients with equivalent heart 
size (patients in Groups D, E and I with coronary dis- - 
ease, primary myocardial hypertrophy and mitral re- 
gurgitation, respectively), internal radius decreased 
by only 9, 8 and 14 percent (P «0.001). Similarly, in 
aortic insufficiency the 30 percent change in wall 
thickness during systole was greater than in impaired 
hearts of comparable size (12, 12 and 21 percent, re- 
spectively, i in Groups D, E and D (P «0.001). These | 
changes in dimension paralleled changes in ventricu- 
lar function as reflected by ejection fraction. " 
Meridional and equatorial stresses, ventricular 
dilatation and dysfunction: Peak meridional stress. 
in our study was increased with ventricular dilatation- 
of any cause. The equation for meridional stress does 
not include length but is dependent only on radius, - 
pressure and wall thickness. Absolute values for me- - 
ridional stress are lower than absolute values for. 
equatorial stress because of differences in radii of. 
curvature in meridional and equatorial planes. Me- 
ridional stresses in very enlarged hearts were in- 
creased proportionately more than equatorial stress- | 
es; Table IV shows the percent increase over the nor- - 
mal value in patients with increased meridional 
stress (Groups D, E and G). If left ventricular shape 
is taken into consideration, the differences between 
percent increase in meridional and equatorial stress- 
es are accounted for. For example, in patients with 
advanced coronary disease (Group D), meridional 
stress was increased 28 percent over the normal value 
of 174 g/cm? (P «0.02), whereas equatorial stress was 
increased only 16 percent to a value not significantly 
different from the normal value of 358 g/cm?. How- 
ever, if diameter to length ratio were maintained nor- 
mal with the same pressure, volume and wall thick- 
ness, equatorial stress would increase to approxi- 
mately 24 percent over normal, a change comparable 
to the 28 percent increase in meridional stress. In pa- 
tients with primary myocardial disease (Group E), 
meridional stresses were increased 18 percent over 
normal (P «0.02), whereas equatorial stress was in- 
creased only 8 percent, a value not significantly dif- | 
ferent from normal. Again, if diameter to length ratio 
were maintained normal with the same pressure, vol- | 
ume and wall thickness, equatorial stress would be 
increased to 14 percent over normal, a change compa- 
rable to the 18 percent increase in meridional stress. 
In the patients with aortic insufficiency (Group G). 
meridional stress was 33 percent higher than normal. 
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Since diameter to length ratio is relatively well pre- 
served in these patients, equatorial stress was in- 
creased by 28 percent, again a change comparable to 
the increase in meridional stress. Thus, changes in 
ventricular shape explain the differences in the pro- 
portional increases of equatorial and meridional 
stresses in these patients. 

— Conclusions: We draw several conclusions from 
these data. If the left ventricle dilates because of 
‘myocardial injury, the following associated changes 
occur: Ventricular shape becomes more spherical, cir- 
| vasa e shortening and wall thickening marked- 
ly diminish, myocardial fiber orientation changes, 
‘meridional stress increases and equatorial stress re- 
- mains within normal limits. However, if the ventricle 
-dilates because of volume overload with intact myo- 
cardial function, then ventricular shape, circumfer- 
ential shortening, wall thickening and fiber orienta- 
-tion remain relatively intact compared with findings 
‘in damaged hearts of equivalent size; both meridional 
and equatorial calculated wall stresses increase, and 
to the same degree, but the changes may not reflect 
‘increased force per myocardial fiber if shape and 
fiber orientation are taken into consideration. 

— Clinical implications: The data answer the ques- 
'tion posed in the introduction: Are wall stress values 
of benefit in understanding myocardial hypertrophy 


or function in patients with chronic heart disease? 
Certainly, consideration of wall stress is crucial to 
understanding the mechanisms of myocardial hyper- 
trophy in groups of patients large enough for statisti- 
cal analysis. However, wall stress values by them- 
selves are of little value for assessing myocardial per- 
formance and: provide little diagnostic information in 
individual patients with chronic heart disease. In in- 
dividual patients with acute valvular insufficiency, 
particularly acute aortic regurgitation, wall stress 
may increase significantly since there is not enough 
time for adequate compensatory hypertrophy to de- 
velop during the evolution of valvular malfunction. 
The left ventricle tolerates this increased wall stress 
poorly and severe heart failure often ensues without 
emergency valve replacement. These conclusions 
therefore apply only to chronic heart disease in which 
there is time for development of adaptive or compen- 
satory changes. 
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Left ventricular function during systole and diastole was studied in 17 
young patients with mitral incompetence and sinus rhythm; 13 had es- 
tablished chronic mitral incompetence, 3 had prolapsing posterior leaf- 
let syndrome and 1 had ruptured chordae tendineae. In chronic mitral 
incompetence and prolapsing posterior leaflet syndrome, clinical disa- 
bility was related to a low forward stroke index, a large regurgitant vol- 
ume and tall left atrial V wave. The defect was mechanical, and the 
ventricle had adapted by compensatory dilatation so that overall sys- 
tolic function was normal, as measured by peak rate of rise of left ven- 
tricular pressure (dP/dt) and ejection fraction. The dilated ventricle 
operated at a normal or slightly increased end-diastolic pressure, a 
consequence of normal resting tension (O point) and a more elastic 
myocardium with a low rate of change of instantaneous stiffness (m) 
and a flattened diastolic pressure-volume curve. 

In acute mitral incompetence, systolic function was normal but the 
sudden volume overload caused the unprepared ventricle with an al- 
most normal modulus of elasticity and slope (m) to ascend its pres- 
sure-volume curve in diastole. End-diastolic pressure was increased. : 


j 
4 


The pathophysiologic abnormality in mitral incompetence is due to 
volume overload of the left atrium and ventricle. Its hemodynamic 
features and its effects on systolic function of the left ventricle are 
well known but there is little information about its effects during 
diastole.!-!! This paper describes the characteristics of the left ven- 
tricle during both systole and diastole in 17 patients with pure mitral 
incompetence and sinus rhythm. 


Patients 


We selected for study 17 patients with pure mitral incompetence and sinus 
rhythm. Patients with associated mitral stenosis or significant disease of an- 
other valve were excluded from the study although six patients had mild 
functional tricuspid incompetence. The clinical data relating to these pa- 
tients are given in Table I. 

The patients were classified into three groups: Group 1—13 patients with 
established rheumatic mitral incompetence of several years’ duration; Group 
2—3 patients with prolapse of the posterior mitral valve leaflet; and Group 
3—1 patient with ruptured chordae tendineae of the mitral valve who had 
sudden onset of severe symptoms of short duration. 

The patients were submitted to cardiac catheterization as part of routine 
preoperative evaluation or for diagnostic purposes. One patient with the pro- 
lapsing leaflet syndrome presented with atypical chest pain; coronary angiog- 
raphy was undertaken to exclude coronary artery disease. The 14 patients in. 
Groups 1 and 3 were taking digitalis at the time of study. The clinical grading 
corresponded to the patients' status at the time of cardiac catheterization. 
Many of the patients in Group 1 had had overt congestive heart failure, but. 
only two had grade 4 functional disability (New York Heart Association clas- 
sification!?) after treatment with prolonged bed rest and conventional medi- 
cal therapy. 
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Methods 
Data Acquisition 


Premedication with diazepam, 10 mg, and pethidine, 50 
mg, was given 1 hour before study. Routine cardiac cathe- 
terization was performed with use of a percutaneous punc- 

ture of the right femoral artery and vein or a cutdown pro- 
cedure in the right antecubital fossa. Intravascular and in- 
tracardiac pressures were measured with Statham P23 Db 
- bonded strain gauges using the mid-chest level as the zero 
- reference. Cardiac output was measured by the direct Fick 
method. Measurement of intraventricular pressures was 
-followed immediately by left ventricular cineangiography 
in the right anterior oblique projection using slow injec- 
_ tions of 50 ml of 76 percent Urografin®. 


Definitions and Data Analysis 


Ventricular volumes were calculated from the uniplane 
cineangiogram allowing for magnification with use of the 
method of Greene et al.!? End-diastolic (EDV) and end- 

- systolic volumes (ESV) were calculated and normalized for 
" body surface area. Angiographic stroke index (Angio SI, 
AV) and ejection fraction (EF) were calculated where: 


| EF(%) = (EDV — ESV)/EDV X 100 

^ The regurgitant volume (RVI) was calculated as the dif- 
- ference between the total angiographic stroke index and 
-the forward stroke index derived from the Fick method 
(Fick SI). Regurgitant fraction (RF) was calculated where: 


À RF(%) = (angio SI — Fick SI)/angio SI X 100 


Net forward left ventricular stroke work index 
VSWD) was calculated where: 


Forward LVSWI = (mean arterial pressure — 
mean diastolic pressure) X 
Fick SI X 0.0136 g-m/beat per m? 


^ - The regurgitant left ventricular stroke work index was 
. also calculated where: 


sRegurgitant LVSWI = (left atrial V wave — left atrial X 
| descent) X RVI X 0.0136 g-m/beat per m? 


I Total net left ventricular stroke work index was calcu- 
lated as the sum of forward LVSWI plus regurgitant 
- LVSWI, but this sum provides only a rough approximation 
| of the true value. 
The myocardial contractility index of Miller et al.!4 was 
calculated where: 


! Index = "tal LVSWI(g-m/beat per m°) 
; EDV (ml/m?) 


The thickness of the free wal! of the left ventricle in 

_ diastole was measured on the cineangiogram, and left ven- 

tricular wall mass was calculated according to the method 

of Kennedy et al.!^ Left ventricular diastole was analyzed 
in detail. 

Absolute left ventricular diastolic pressures: The O 
point was measured as the lowest diastolic pressure record- 
ed, but the possibility that this determination was affected 
by artifact caused by overshoot of the pressure wave form 

- cannot be excluded. End-diastolic pressure (LVEDP) was 

measured as the instant of onset of the rapid rise of ven- 
tricular pressure. The mean diastolic pressures over several 
respiratory cycles were used for calculations. AP was the 
pressure difference between O and LVEDP. Mean diastolic 
pressure ( P) was calculated as (LVEDP + O)/2 mm Hg. 
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Overall diastolic pressure-volume relation: AV/AP is 
the overall distensibility index of the ventricle in diastole 
and AV/VAP the mean overall compliance, where V = 
(EDV 4 ESV)/2. The rate of change of the instantaneous 
slope of the pressure-volume (P-V) relation (m) of the ven- 
tricular myocardium in diastole was calculated from the 


- pressure-volume relation at two points, early diastole (O 


point) and end-diastole (EDP), assuming a constant expo- 
nential relation: 


P in be?" 
= (InEDP — InO)/angio SI 


Pressure-volume relation at end-diastole: 'The pres- 
sure-volume relation at end-diastole was analyzed accord- 
ing to the method of Gaasch et al.,!6 again assuming a con- 
stant modulus of elasticity throughout diastole so that: 


P rad be*" 
InP = kV + lnb 


The value k (the slope of the diastolic pressure-volume 
curve or the rate of change of instantaneous stiffness of the 
ventricle) is similar to our value m but is calculated in a 
different manner: k is derived from a single point (end- 
diastole) and assumes the value of 0.43 for b, the zero vol- 
ume intercept, derived by Gaasch et al.!6 in animal experi- 
ments. 

The index of distensibility at end-diastole was calculat- 
ed where: 


dV/dP = 1/kP 


and this was normalized for end-diastolic volume (dV/ 
VdP). The value dV/dP (V60) was the index of distensibil- 
ity normalized for a theoretical volume of 60 ml. 

Passive elastic modulus!*: The relation between the 
ratio AP/AV and P was plotted and the passive elastic 
modulus of the left ventricular wall in diastole was calcu- 
lated according to the method of Diamond and Forrester.!? 

Statistical analysis: The results were analyzed accord- 
ing to standard statistical methods using a Wang 700C pro- 
grammable calculator with plotter-printer output. 


Critique of Methods 


The validity of our results depends on the accuracy of 
pressure and volume measurements and the method used 
to measure and interpret changes in compliance.!? Artifact 
in the early diastolic pressure may be induced by overshoot 
of the pressure wave form although left ventricular end- 
diastolic pressure is simple to measure in patients with 
sinus rhythm. Great care was taken to debubble the fluid- 
filled catheter manometer system. The taps, connections 
and pressure transducers were carefully flushed and stored 
overnight in saline solution before their use. The catheter 
was connected to a four-way tap for flushing and was sepa- 
rated from the strain gauge by 12 inch rigid, large bore 
polyethylene tubing, and the response of the system was 
flat to 20 hertz, using the response to a square wave. The 
early diastolic pressure (O point) is crucial in the calcula- 
tion of overall ventricular distensibility, compliance and 
the slope of the instantaneous pressure-volume relation 
(m); a very small error in the measurement of this point is 
important, since the calculation utilizes the logarithm of 
the measured value. Moreover, the pressure-volume rela- 
tion is not exponential at low levels of pressure.!9 Pressure 
recordings that were not technically perfect were excluded 
from the study. 

There are problems in measuring ventricular volumes 
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FIGURE 1. Left ventricular volumes (normalized for body 
surface area) in normal subjects and in patients with mitral 
incompetence. The patients with chronic mitral incompe- 
tence are classified into three subsets (grades 2, 3 and 4) 
based on their functional disability (New York Heart Asso- 
ciation classification); patients with a prolapsing leaflet 
and ruptured chordae tendineae are shown separately. 
Each column shows the total end-diastolic volume, which 
is subdivided into end-systolic volume (ESV, black zone) 
and angiographic stroke index (SI, white zone). The angi- 
ographic stroke index is further subdivided into two frac- 
tions: forward stroke index (Fick SI) and regurgitant stroke 
index (RV). The ejection fraction (EF) is shown at the top 
of each column. A normal ejection fraction is maintained 
in each group, and the ventricle handles the large volume 
load by an increase in end-diastolic volume and angio- 
graphic stroke index. Patients with a larger regurgitant vol- 
ume (RV) had greater disability. The patient with acute 
chordal rupture had an increase in ejection fraction. 


from the cineangiogram, but our data are almost identical 
to the results of Jones et al.!? Angiographic stroke volume 
correlates with the Fick stroke volume but the confidence 
limits are wide: Data derived from both, such as regurgi- 
tant index, are valid for groups of patients but may be inac- 
curate in an individual patient. 

We have used several methods of interpreting the same 
diastolic pressure-volume abnormality and have assumed 
that the diastolic pressure-volume relation is exponential 
at pressures greater than 3 mm Hg. We have also assumed 
that the fibers have homogeneous elasticity. The passive 
elastic modulus of Diamond and Forrester! is a statistical 
relation that is valid only for a large group of patients and 
assumes that the abnormality is similar in each patient. It 
identifies the group but not the individual patient. The 
computations of Gaasch et al.!9 start with measurements of 
pressure and volume at end-diastole but assume a theoreti- 
cal zero volume intercept at a pressure of 0.43 + 0.13 mm 
Hg. We are concerned about the validity of this point in 
man, in health and disease, and by the dependence of all 
subsequently derived variables (k, dV/dP,4, dV/VdP,4 and 
dV/dP [V60]) on the slope of a log-linear relation that uses 
this experimentally derived value. For comparative pur- 
poses we have used these indexes, recognizing their limita- 
tions. The derived variables attempt to normalize volume 
changes, but in the clinical situation absolute volume is im- 
portant and we believe that our value m, which is calculat- 
ed from two real points on the diastolic pressure-volume 
curve, is a more valid measurement, although its use again 
assumes that the pressure-volume curve is exponential 
with pressures greater than 3 mm Hg and that the modulus 
of elasticity and m are constant throughout diastole. 

Absolute diastolic ventricular pressure was used in this 
study. Intrathoracic pressure was not recorded; intraoeso- 
phageal pressures are an unreliable guide to intrapleural 
pressure in recumbent patients. Ideally, we should have 
used the stress-volume relation in diastole, but since the 


“stress conversion factor" is almost normal in chronic vol- 


= November 1974 The American Journal of CARDIOLOGY Volume 34 


- z < a> r art — ¥ « E -—.—-- 
^ i - - T- " ; 





EF 71% 
y^ FICK 
EF 71° 
ICK 
SI 
EF 66% 
IC EF 76°% X 
SI ib | EF 94% 
C FICK 
EF 67°% RV s] sl 
| 
ICK at | 
SI NH 
RV RV 
ESV! 
ESV, 
| | ESV es 
NORMAL : GRADE 2 3 & : PROLAPSING RUPTURED 
CHRONIC MI TENDINEAE — 


ume loading,?? we elected to use pressure rather than the 
derived values for stress. Use of absolute pressure does not 
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take into account the alteration in the stress conversion . 
factor caused by an increase in wall thickness and a de- . 


crease in left ventricular diameter during systole. 


Results 


'The measured and derived hemodynamic and an- 
giographic data are given in Tables I and II. 


Systolic Function of Left Ventricle 


In patients with chronic mitral incompetence . 


(Group I) the left ventricle was greatly dilated (end- 


diastolic volume 135 + 38 [standard deviation] ml/ . 


m?) and hypertrophied (left ventricular wall mass 
292 + 92 g/m?); the angiographic stroke index was 
high (94 + 32 ml/m?), and values for ejection fraction 
(69 + 9 percent) and peak rate of rise of left ventricu- 


lar pressure (dP/dt) (1,444 + 320 mm Hg/sec) were — 


normal. Overall left ventricular function was normal, 
but the contents of the left ventricle regurgitated into 
the left atrium so that the forward stroke index was 
maintained in the range of normal in most patients 


by an increase in end-diastolic volume and angio- — 


graphic stroke index (Fig. 1). In Figure 1 and Table I 
the data are arranged in order of the patients' clinical 
disability. Patients with the most severe disability 
had the lowest values for forward stroke index, cardi- 
ac index and forward stroke work index (SWI) and 
the highest values for end-diastolic volume, regurgi- 
tant fraction and left atrial V wave (Fig. 2). All the 
patients had a low total left ventricular stroke work 
index because of important regurgitation into a low 
impedance mitral valve-left atrial system. The total 
left ventricular stroke work index and the LVSWI/ 
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VENTRICULAR FUNCTION IN MITRAL INCOMPETENCE—LEWIS AND GOTSMAN 


TABLE Il 
Measurements of Diastolic Function of the Left Ventricle 





LV Diastolic Pressures (mm Hg) 





Case No. O0 LVEDP AP P AV/AP AV/NAP AP/AV m dV/dPea dV/VdPea k dV/dP(V60) 
Group 1 (Chronic Rheumatic Mitral Incompetence) 
1 4 8 4 6 19.0 0.322 0.05 0.009 4.1 0.043 0.030 12.8 
2 5 8 3 7 34.3 0.429 0.03 0.005 3.3 0.025 0.025 20.8 
3 4 8 4 6 11.3 0.175 0.09 0.015 37 0.043 0.034 8.9 
4 2 14 12 8 7.0 0.074 0.14 0.023 3.5 0.025 0.024 23.0 
5 12 22 10 17 7.5 0.089 0.13 0.008 1.4 0.012 0.032 10.7 
6 1 5 4 3 27.3 0.309 0.04 0.015 2.9 0.021 0.025 20.8 
7 6 18 12 12 14.2 0.109 0.07 0.006 3.7 0.017 0.017 49.3 
8 6 11 5 9 13.2 0.190 0.08 0.009 2.9 0.028 0.032 10.7 
9 4 13 9 9 7.3 0.111 0.14 0.018 2:2 0.023 0.034 8.9 
10 7 15 8 11 12.0 0.111 0.08 0.008 2.3 0.015 0.024 23.0 
11 2 5 3 4 38.0 0.398 0.03 0.008 7.8 0.051 0.018 43.9 
12 13 22 9 18 9.8 0.136 0.10 0.006 1.3 0.011 0.034 8.9 
13 10 30 20 20 6.4 0.048 0.16 0.009 2.0 0.010 0.021 31.4 
Mean 6 14 8 10 15.9 0.192 0.09 0.011 3.2 0.025 0.027 21.0 
+ SD 4:4 ^ 9. ..255 "x5... 10,7 +0.128 +0.04 +0.005 :E1.7 +0.013 +0.006 +13.4 
Group 2 (Prolapsing Mitral Leaflet) 
14 2 8 6 5 11.1 0.190 0.09 0.021 2.9 0.032 0.034 8.9 
15 7 10 2 9 29.0 0.443 0.03 0.004 2.7 0.025 0.031 11.7 
16 8 14 6 11 11.7 0.202 0.09 0.008 1.9 0.020 0.037 6.8 
Mean 6 11 5 8 17.3 0.278 0.07 0.011 2.5 0.026 0.034 9.1 
+1 SD 3 yes 2 7&3 10.2 +0.143 +0.03 =+0.009 +0.5 +0.006 +0.003 +2.5 
Group 3 (Ruptured Chordae Tendineae) 
17 10 32 22 21 3.9 0.081 0.26 0.014 0.7 0.008 0.047 2.9 
Normal Values 

Mean 3 9 6 6 10.0 0.215 0.020 3.0 0.050 0.047 (3.4 
+1’'$D a= <n ii ES ES +3.0* +0.040* +0.004* +0.27 20.005] =+0.0027 +0.6f 


* Personal data. 
t From Gaasch et al.16 


AP = pressure difference between O point and left ventricular end-diastolic pressure; AP/AV (mm Hg/ml per m?) (see Methods and 
Ref. 17); AV/AP = overall ventricular distensibility index in diastole (ml/m? per mm Hg); AV/VAP = mean overall compliance (mm Hg~); 
dV/dP,4 = index of distensibility at end-diastole (ml/m? per mm Hg); dV/dP (V60) = index of distensibility normalized for a theoretical 
volume of 60 ml (ml/m? per mm Hg); dV/VdPea = index of distensibility at end-diastole normalized for end-diastolic volume (mm Hg-1); 
k = slope of diastolic pressure-volume curve; LV = left ventricular; LVEDP = left ventricular end-diastolic pressure; m = slope of 


pressure-volume curve; O — O point (lowest recorded diastolic pressure); P — 


EDV ratio were lower in patients with severe regurgi- 
tation, but regurgitant stroke work index increased 
because of the high left atrial V wave. Five patients 
with severe disability and a very large regurgitant 
flow had a reduced forward stroke index (less than 30 
ml/beat per m?). Another patient with moderate dis- 
ease had a slightly reduced ejection fraction; the rea- 
son for this was not apparent. 

Patients with the prolapsing leaflet syndrome 
(Group II) had mild mitral incompetence. The pat- 
tern of their data was similar to that of patients with 
rheumatic valve disease, but they had lower values 
for left ventricular volumes, less regurgitation and 
less compensatory hypertrophy (Fig. 1). Values for 
ejection fraction and left ventricular dP/dt were nor- 
mal as in Group 1. 


Cen od IX Dre i d , "- 
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mean diastolic pressure. 


One patient had sudden rupture of the chordae 
tendineae of the mitral valve: There was a large re- 
gurgitant flow, but important compensatory ventric- 
ular dilatation had not yet occurred so that total an- 
giographic stroke index and ejection fraction were 
greatly increased to maintain the forward stroke out- 
put (Fig. 1, Table II). 

In general, systolic left ventricular function, as 
measured by peak left ventricular dP/dt and ejection 
fraction, was normal in all three groups of patients 
with mitral incompetence. 


Diastolic Function of Left Ventricle 


In chronic mitral incompetence (both congenital 
and rheumatic) the left ventricle easily handled the 
large volume load at low levels of diastolic pressures, 
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FIGURE 2. Relation between forward stroke index (SI) and left atrial 
: (LA) V wave. Patients with severe mitral incompetence had a low 
— forward stroke index and tall left atrial V wave (V wave = 84.8 — 
41.3 SI €: 17.1; r —0.71, t 3.34, P «0.01). 


and compliance was normal or increased. In acute 
_ mitral incompetence, the ventricle was unprepared 
. for the sudden volume load, compliance was reduced 
—and the left ventricular end-diastolic pressure was 
greatly increased. We have analyzed left ventricular 
compliance in five ways: 
1. Absolute left ventricular diastolic pressures: 
_ These pressures were normal in patients with chronic 
rheumatic mitral incompetence (O point 6 + 4 mm 
_ Hg; LVEDP 14 + 8 mm Hg; AP 8 + 5 mm Hg) and in 
patients with a prolapsing mitral leaflet (O point 6 4 
3 mm Hg; LVEDP 11 + 3 mm Hg; AP 5 + 2 mm Hg). 
"The patient with acute mitral incompetence had in- 
_ ereased left ventricular diastolic pressures and great- 
- ly increased AP (22 mm Hg). 
~ 2. Left ventricular diastolic pressure pulse 
wave form: The patients had a prominent rapid fill- 
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ing wave, a consequence of torrential mitral valve 
- flow in the first third of diastole, a point of inflection 


that coincided with the third heart sound, a diastasis 
plateau and an unimpressive a wave (except in the 
patient with ruptured chordae tendineae).?:4^6/7 

3. Overall diastolic pressure-volume relation: 
Overall left ventricular distensibility (AV/AP) was 
generally increased in patients with chronic rheumat- 
ic mitral incompetence (15.9 + 10.7 ml/m? per mm 
Hg) and with the prolapsing leaflet syndrome (17.3 + 
10.2 ml/m? per mm Hg). Distensibility was greatly re- 
duced (6.4 ml/m? per mm Hg) in one patient with se- 
vere mitral incompetence and grade 4 functional dis- 
ability who had recurrent episodes of pulmonary 
edema despite intensive hospital therapy. It was also 
reduced in the patient with acute mitral incompe- 
tence. The mean overall compliance was decreased in 
patients with chronic rheumatic mitral incompetence 
(AV/VAP 0.192 + 0.128 mm Hg-!). It was normal in 
patients with the prolapsing leaflet syndrome (AV/ 
VAP 0.278 + 0.143). 

The rate of increase of instantaneous left ventric- 
ular stiffness in diastole (m in the equation P = 
be™Y) was greatly reduced in all patients with chron- 
ic mitral incompetence (Groups 1 and 2) and slightly 
subnormal in the patient with acute disease (Group 
3). 

4. Pressure-volume relation at end-diastole!$: 
The slope of the log-normal pressure-volume relation 
in diastole (k) was reduced in patients with chronic 
mitral incompetence (0.027 + 0.006) and the prolaps- 
ing leaflet syndrome (0.034 + 0.003). It was normal in 
the patient with ruptured chordae tendineae. 

Left ventricular compliance at end-diastole (dV/ 
dP*4) was normal in most patients with chronic mi- 
tral incompetence, but it was reduced in those with 
grade 4 functional disability and severe mitral incom- 
petence, as well as in the patient with acute mitral in- 
competence. However, when correction was made for 





FIGURE 3. Relation between the overall distensibility index 
of the ventricle in diastole (AP/AV) and mean diastolic 
pressure (P). The passive elastic modulus (AP/AV/P) is 
reduced in chronic mitral incompetence (AP/AV = 0.033 
+ 0.005 P + 0.031; r 0.67, t 2.99, P <0.05). 
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the great degree of ventricular dilatation (dV/VdP,), 
the value for compliance was subnormal even in pa- 
tients with chronic disease, since the end-diastolic 
volume was very large; and the lowest values were 
noted in patients with grade 4 functional disability. 
When the interpolated value dV/dP (V60) was used, 
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compliance was supranormal in both groups with 
chronic mitral incompetence, and the increase was 
greater in patients with the greatest volume load; 
dV/dP (V60) was reduced in the patient with acute 
disease (Table II). 


5. Passive elastic modulus!’: AP/AV was reduced 
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V wave and m, the slope of the diastolic 
pressure-volume curve. Patients with a tall V 
wave and severe mitral incompetence had a 
flattened pressure-volume curve and a low  g ORO TAY SUR SPE ey ite Pe 
m value, but the converse was not true (r 20 40 60 80 
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FIGURE 5. Diastolic pressure-volume relation of the left ventricle (LV) in normal subjects and patients with mitral incompetence (MI) A, data plot- 
ted on a semilogarithmic scale. The mean pressure-volume relations during early and end-diastole are shown for each group, and these points 
are joined by a straight line, based on the assumption that the pressure-volume relation is exponential. Patients with chronic mitral incompetence 
(MI) have a slight increase in end-diastolic pressure and volume and a large angiographic stroke index; the ventricle has adapted to the large vol- 
ume load by an increase in distensibility with a flattened curve and a lower m value. The pattern in patients with a prolapsing mitral leaflet is very 
similar. The patient with ruptured chordae tendineae had a much higher O point but a normal m value; the end-diastolic pressure is greatly in- 
creased. B, the data in A replotted on a conventional linear scale. 
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in patients with chronic mitral incompetence (rheu- 
matic and congenital), and AP/AV/P was reduced 
(0.005 ml^!m? in rheumatic mitral incompetence) 
(Fig. 3). In the patient with acute mitral incompe- 
tence, AP/AV was normal or increased, but the pas- 
sive elastic modulus could not be calculated since its 
determination requires the statistical analysis of a 
group of patients. 


Determinants of Compliance 


The measurements of compliance were unrelated 
to values for left ventricular end-diastolic volume, 
wall mass or ejection fraction. Patients with more se- 
vere mitral incompetence and a greater volume load 
(assessed by a higher left atrial V wave and lower for- 
ward stroke index) generally had lower values for 
AV/AP and m (Fig. 4), but the converse was not true. 


Discussion 


Factors in maintaining normal systolic left 
ventricular function: Mitral incompetence imposes 
a volume load on the left ventricle. During systole the 
mitral and aortic orifices compete for left ventricular 
output, and the degree of regurgitation is determined 
by the relative impedances of the systemic vascular 
bed and the mitral valve-left atrial system:! Although 
our patients were severely disabled, they had normal 
overall systolic function of the left ventricle, as mea- 
sured by peak left ventricular dP/dt and ejection 
fraction. They were a selected group of primarily 
young patients (mean age 16.7 years) in whom there 
was no question of coronary artery disease; moreover, 
the study excluded patients with atrial fibrillation, 
who may have more advanced disease and impaired 
myocardial function, as well as patients with primary 
myocardial disease and functional mitral incompe- 
tence. Velocity of circumferential fiber shortening is 
low in older patients with mitral incompetence of 
long duration.? We did not measure this variable, 
but ejection fraction was much higher in our group of 
patients than in the series reported by Eckberg et 
al.2! However, this finding may be spurious, a conse- 
quence of the reduced afterload. 

Despite normal overall myocardial function in our 
patients, forward stroke output was reduced, the re- 
gurgitant fraction was large and the left atrial pres- 
sure was increased with an important V wave so that 
patients had symptoms referable to reduced cardiac 
output and increased pulmonary venous pressure. 
The defect was mechanical, measured function of the 
myocardial fibers was normal and the decreased ratio 
of left ventricular stroke work index to end-diastolic 
volume was the result of a reduced afterload since the 
mitral valve-left atrial system offered a low level of 
impedance. The patients had established a state of 


equilibrium and maintained a reasonable cardiac 
output but at the expense of important mitral regur- 
gitant flow. In acute mitral incompetence myocardial 
celerity is increased inordinately to maintain an ade- 
quate forward output from a relatively normal end- 
diastolic volume. 

Factors determining left ventricular function 
during diastole: The diastolic pressure-volume rela- 
tions in patients with chronic mitral incompetence, 
the prolapsing leaflet syndrome and ruptured chor- 
dae tendineae are shown in Figure 5. The instanta- 
neous rate of change of the slope of the pressure-vol- 
ume curve is given by m, k or the passive elastic mod- 
ulus a of Diamond and Forrester.!? In chronic mitral 
incompetence this rate is low, the pressure-volume 
curve is flattened and the rate of pressure rise for a 
volume increment at a given volume is low. The fac- 
tors that determine the end-diastolic pressure in mi- 
tral incompetence are the early diastolic pressure and 
volume, the slope of the pressure-volume relation (m, 
k, a) and the total stroke volume. The ventricle has 
effectively adapted by dilatation and reduction of the 
elastic modulus to operate at a normal level of end- 
diastolic pressure. Early diastolic pressure depends 
in part on passive elastic recoil after the ventricle has 
ejected a large volume of blood. The ventricle fills 
rapidly from an overdistended left atrium with in- 
creased pressure and a tall V wave. Filling occurs 
during the first third of diastole until the ventricle 
reaches its initial elastic limit, which may be a conse- 
quence of myocardial viscosity or of chordal tether- 
ing; the ventricle reverberates to produce a palpable 
and audible third heart sound, which is followed by 
the slow filling phase. Our data provide no further 
details about these events since we did not make si- 
multaneous instantaneous measurements of pressure 
and volume throughout diastole. 

Experimental evidence suggests that the ventricle 
adapts to volume loading by an increase in the size of 
myocardial cells and in the number of sarcomeres de- 
veloping in series during the process of hypertrophy; 
there also may be fiber slippage and loss of alignment 
of the Z band register and normal orderly sarcomere 
array, while the sarcomeres operate near the apex of 
their length-tension curve.?2-25 

Acute mitral incompetence: Only one patient in 
this series had acute mitral incompetence, probably 
on the basis of preexisting mitral valve disease. In 
this patient the left ventricle, already adapted to 
handle a small extra volume load, suddenly distend- 
ed. The value for k was normal and that for m slight- 
ly reduced, but distensibility and compliance were 
greatly decreased during the ascent of a relatively 
normal pressure-volume curve, and left ventricular 
end-diastolic pressure was greatly increased. 
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Echocardiographic tracings of the pulmonary valve were examined in 
14 patients with isolated pulmonary stenosis, 20 normal subjects, 26 
patients with pulmonary hypertension, 10 patients with a left to right 
shunt and 28 patients with various forms of heart disease other than 
pulmonary stenosis. Because of the plane of pulmonary valve motion 
and the angle of the ultrasonic beam, usually the echoes from only one 
posterior pulmonary leaflet were recorded. In normal patients atrial 
systole caused slight posterior motion of the pulmonary valve leaflet in 
late diastole (average 3, range 0 to 7 mm). The degree of valvular mo- 
tion after atrial systole (the a wave) increased with inspiration. The 
position of the leaflet at the onset of ventricular systole varied with the 
depth of the a wave and the length of the P-R interval, but in the nor- 
mal subjects the leaflet always returned to a base line or closed posi- 
tion at some time during the respiratory cycle. In 10 patients with mod- 
erate or severe pulmonary stenosis (gradient 50 to 142 mm Hg) the 
depth of the a wave increased markedly (average 10, range 8 to 13 
mm). In patients with a gradient of more than 65 mm Hg (8 of 10) the 
leaflet never returned to a base line or closed position before ventricu- 
lar systole. In three of four patients with mild pulmonary stenosis (gra- 
dient less than 50 mm Hg) and all patients with a left to right shunt or 
heart disease without pulmonary involvement the a wave was within 
the normal range. In 25 of 26 patients with pulmonary hypertension no 
a wave was present. in moderate to severe pulmonary stenosis, the 
exaggerated leaflet motion after atrial systole probably reflects in- 
creased right ventricular end-diastolic pressure and force of atrial con- 
traction which, in the face of a normal or reduced pulmonary arterial 
pressure, produces a positive gradient across the valve in end-dias- 
tole. 


Patterns of reflected ultrasound have proved valuable in the diagno- 
sis of various cardiac valvular and functional disorders. Since the ini- 
tial observations of Edler! and Edler and Gustafson? on abnormali- 
ties of mitral valve motion in mitral stenosis, echocardiographic pat- 
terns associated with a wide range of disorders of the mitral, tricuspid 
and aortic valves have been described.? Echoes from the pulmonary 
valve have proved technically more difficult to obtain. These difficul- 
ties result from the anatomic position of the valve, its plane of motion 
with respect to the anterior chest wall and its tendency to be ob- 
scured by intervening lung during at least part of the respiratory 
cycle. These problems are less apparent in children and young adults— 
the group in which the majority of pulmonary valve lesions occur. 

In valvular pulmonary stenosis, conical or dome-like fusion of the 
pulmonary valve cusps occurs with a central perforation at the apex. 
Inspection of the valve at operation reveals a thin, mobile structure 
that can move easily toward either the ventricle or the pulmonary ar- 
tery with very small differences in pressure. Studies of the pressure 








relation across the pulmonary valve before ventricu- 
lar systole indicate that in pulmonary stenosis force- 
ful atrial contraction frequently causes the right ven- 
tricular end-diastolic pressure to exceed simulta- 
neous pulmonary arterial pressure. The positive gra- 
dient produced in this circumstance causes valvular 
opening or “doming” before ventricular systole.56 

This paper examines the echocardiographic pat- 
terns of pulmonary valve motion produced by atrial 
systole in the normal and stenotic valve and com- 
pares them with the patterns seen in a wide variety of 
other disorders. 


Material and Methods 
Material 


Echocardiographic tracings of the pulmonary valve were 
examined in five groups of patients. Group I was composed 
of 14 patients with isolated pulmonary stenosis docu- 
mented by cardiac catheterization studies. Six patients 
were male and eight female; their ages ranged from 5 to 51 
years (average 19.8 years). There were four patients with 
mild stenosis (gradient less than 50 mm Hg), six patients 
with moderate stenosis (gradient 50 to 100 mm Hg), and 
four with severe stenosis (gradient 100 mm Hg or more). 
Patients whose pulmonary stenosis occurred as part of a 
complex congenital lesion were excluded. Pulmonary steno- 
sis was diagnosed by the presence of a pressure gradient at 
the valvular level in the absence of intra- or extracardiac 
shunts, plus the typical angiographic appearance of a 
domed valve; it was excluded by the absence of a gradient 
at the valvular level or a gradient of less than 15 mm Hg 
and no angiographic evidence of doming of the valve in the 
presence of a left to right intracardiac shunt. In two other 
patients with documented isolated pulmonary stenosis a 
satisfactory tracing of the pulmonary valve could not be 
obtained and their data are not included. 

The echocardiographic patterns seen in patients with 
pulmonary stenosis were then compared with those in four 
other groups. Group II consisted of 20 normal subjects. 
Group III contained 26 patients with pulmonary hyperten- 
sion documented by catheterization studies (mean pulmo- 
nary arterial pressure of 20 mm Hg or greater). This group 
was chosen to examine the effects of increased pulmonary 
arterial pressure on atrial motion of the pulmonary valve. 
Group IV contained 10 patients with increased pulmonary 
blood flow secondary to left to right shunting. Seven of 
these patients had an atrial septal defect, two had anoma- 
lous pulmonary venous return and one had both lesions. 
Group V was composed of 28 patients with a variety of dis- 
orders including chronic renal failure with and without 
pericardial effusion, cardiomyopathy, congenital and ac- 
quired aortic valve disease, subacute bacterial endocarditis, 
mitral stenosis and insufficiency, hypertrophic subaortic 
stenosis and other lesions. These patients were not consid- 
ered to have primary pulmonary valve disease, and their 
clinical status did not warrant cardiac catheterization. 
They were included to determine whether other disorders 
commonly seen in this laboratory might present a pattern 
of pulmonary valve motion similar to that observed in pul- 
monary stenosis. A total of 98 pulmonary valves were ex- 
amined. 


Procedure 


The echocardiographic examination was performed with 
an Ekoline 20A echograph combined with either an Elec- 
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tronics for Medicine recorder or a Honeywell 1856 fiberop- 
tic strip chart recorder. A 2.25 megahertz transducer (outer 


diameter 0.5 inch or 0.25 inch) focused at 7.5 cm was used. — 


" 


b 
"v 
3 
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Respiration was timed by a second independent observer | 
and the tracing marked for inspiration and expiration. All | 
patients were examined in the recumbent position with the — 
transducer placed in the second, third or fourth intercostal | 


space along the left sternal border. 
When echoes of the pulmonary valve are being sought, 


the transducer is generally placed at least one interspace 
higher than that used for recording the mitral valve. The . 
pulmonary valve may be approached in either of two ways. - 
The first approach, described by Gramiak et al.,7 is to lo- - 


cate the aortic valve, and then to locate the supravalvular — 
portion of the aorta either by angling the transducer cepha- 


lad or moving it one interspace higher. From this high left : 
‚parasternal position the beam is angled in a lateral and 


cephalad direction. As the image of the aortic wall disap- - 
pears, the pulmonary artery becomes visible as a space 
lying superficially near the aorta with its anterior wall 
within 1 to 2 cm of the lower margin of the chest. The pos- - 
terior margin is characteristically manifested as a thick 
echo complex that may lie 2 to 4 cm behind the anterior 
wall echo. Valvular cusps appear as thin lines that move 


between the margins of the pulmonary artery with the car- — 


diac cycle.’ The second approach is to locate the mitral 
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valve and then tilt the transducer superiorly and slightly © 
toward the throat, but not enough to record the aorta. As © 


the beam of ultrasound leaves the left ventricular cavity, a 
dense mass of echoes will be recorded from the region of — 
- the infundibulum and the potential space between the pul- - 


monary artery and the left atrium. Continuing cephalad, 


CAL 


the echo-free pulmonary artery will appear 1 to 2 cm below © 
the anterior chest wall. The valvular leaflets are then locat- | 


ed by gentle scanning within the pulmonary artery. 


Normal Pulmonary Valve Movement 


Figure 1 illustrates the characteristic motion of the pos- — 
terior leaflet of the normal pulmonary valve recorded — 
throughout several cardiac cycles. In the first complex sur- © 
rounded by the box, the systolic and diastolic movements - 
are lettered to facilitate further discussion. The lettering is — 
temporally similar to that used to describe mitral valve mo- . 


tion. The a wave, which begins at the end of the P wave of - 


“p 


the electrocardiogram, reflects the effect of atrial contrac- 
tion on the pulmonary valve. That this deflection is due to — 
atrial contraction is confirmed by its temporal relation to . 


the P wave of the electrocardiogram, its disappearance dur- 


LI 


ing atrial fibrillation and the constant relation to the P — 
wave throughout diastole during complete heart block (Fig. | 


2). After atrial contraction, the leaflet usually returns to 
the base line prior to ventricular systole. 


Point b represents the position of the valve at the onset - 


of ventricular systole. In the normal subject, a definite in- 
spiratory increase in the depth of the a wave can usually be 
demonstrated. In some normal subjects, particularly when 
the a wave is deep or the P-R interval short, the leaflet will 
not have time to return to the base line during inspiration, 
and ventricular systole will occur while it is still in a poste- 
rior or partially open or domed position. Figure 3 repre- 


` sents the variation in the position of the valve at the onset 


of ventricular systole (point b) in a normal patient with a 


anch P 


short P-R interval. After the onset of ventricular systole | 


(point b), which occurs at or slightly after (0.04 second) the 


peak of the R wave of the electrocardiogram, the leaflet — 
moves rapidly posteriorly and reaches a fully open position - 
at point c (Fig. 1). During systole there is a gradual anterior - 
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mediately beneath the valve another dense mass of echoes is recorded from the potential space between the pulmonary artery and left atrium. 
:As the scan is followed to the right the aorta appears with the left atrium behind it. In the first complex on the left (surrounded by the bcx) the 
various components of leaflet motion are lettered to facilitate discussion. The a wave beginning at the end of the P wave of the electrocardio- 
gram represents leaflet motion in response to atrial systole. Point b indicates the position of the valve at the onset of ventricular systole; the b-c 
segment represents rapid systolic opening of the valve; the c-d segment represents the leaflet in the open position during systole; d-e indicates 
rapid diastolic closure; e-f represents the leaflets in the closed position during diastole; e-e' is a variable finding and probably represents trans- 


rnitted aortic pulsations. 



















FIGURE 2. Pulmonary echogram from a patien: with a 
complex congenital lesion, including an atrial septal 
defect, pulmorary stenosis, pulmonary hypertension 
and complete heart block. This figure illustrates the 
constant relation of the pulmonary valvular a wave to 
the P wave of the electrocardiogram and confirms the 
fact that the à wave is caused by atrial contraction. a 
valve opening caused by atrial systole; b = position 
of the valve at the onset of ventricular systoie; c = 
valve in the fully open position following ventricular 
systole. in the first two complexes on the left it can be 
seen that atrial systole causes as great a degree of 
valvular motion as ventricular systole, suggesting com- 
plete valvular opening or doming in response to atrial 
ystole. 




























rial systole. The anterior systolic c-d and posterior di- 
olic e-f slopes of the leaflet probably represent pulsatile 
vement of the pulmonary artery and valvular apparatus. 
igure 1 there is further anterior motion from point e to 
his is a variable finding and may represent transmitted 
lsations from the aorta. Figure 1 illustrates the move- 
ments of the leaflet throughout the cardiac cycle. In other 
“normal tracings the echo is frequently lost during systole 
. 7(e-d) and rapid diastolic closure (d-e). However, in any ad- 
. equate tracing of the pulmonary valve the a wave and sys- 
-" tolic opening motion (b-c) are always recorded. 
_ As demonstrated in Figure 1, only one pulmonary valve 
© leaflet is normally recorded. This is the result of the posi- 
: ‘tion of the valve in the chest and the relation of its plane of 
movement to the transducer and ultrasonic beam. It is well 
recognized that structures moving perpendicular to the ul- 
- .$rasonic beam produce strong echoes whereas those moving 
^ parallel to this plane produce few or no echoes. Figure 4 il- 
*: Justrates the relation of a cone-shaped stenotic pulmonary 
valve to the beam of ultrasound. The motion of the posteri- 
or leaflet tends to be perpendicular to the beam, whereas 
-that of the anterior leaflet is more parallel; therefore, only a 
=- posterior leaflet is recorded. Because the transducer is gen- 
erally directed laterally as well as superiorly and posterior- 
y, the left posterior leaflet is assumed to be the one record- 
ed. 

From Figure 4, it might be assumed that by merely mov- 
ing the transducer up the chest and pointing inferiorly, 
both the anterior and posterior leaflets could be recorded. 
As a rule, this is not technically possible since the ultrason- 





FIGURE 3. Normal respiratory variation in the position of the leaflet 
at the. onset of ventricular systole (point b). In the middle complex re- 
orded during expiration the leaflet returns almost to the base line 

afore ventricular systole. In the complex on the right, recorded in 
early inspiration, the leaflet is in a posterior or partially open position 












— of Ë the leaflet, 4 ed: followed UN rabid moie kh bn 
re. of the valve, d-e. D During. diastole, the leaflet moves pane 
ly posteriorly to a point f, which precedes the onset 
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Normal Subjects 


The effect of atrial systole on the pulmoi 
reflected in the depth of the a wave, was : 
20 normal patients. These patients hae 
heart disease or heart disease unrelate 
monary valve, and all had normal right. 
ventricular and right pulmonary arterial pres 
cardiac catheterization. Since the depth o 
wave may vary with respiration, the measured 
was the maximum recorded during the inspir: 
phase of quiet respiration. This depth will be refer 
to as Amax. In making these measurements 
portant to record several consecutive complex 
that respiratory variation may be appreciated. | 
normal subjects the maximal depth of the a wave or 
A eux averaged 3 mm (range 0 to 7 mm). A may exceed. | 
ed 5 mm in only two patients, both athletic young 
men with a slow resting heart rate and forceful atri 
contraction as evidenced by large mitral and tricus 
pid a waves. 


Pulmonary Stenosis 


Echocardiograms were obtained in 14 patini with 
pulmonary stenosis. In patients with moderate and. 
severe stenosis there was an obvious increase in the 
maximal depth of the a wave. In four patients with 
severe stenosis (gradient 100 mm Hg or greater) ua 





FIGURE 4. Diagram demonstrating. rs 
valve to the ultrasonic beam. A stenoti pi 
in the iun or domed cit T 






















e erate stenosis (gradient 50 to 100 mm je 
eraged 8.8 mm (range 8 to 12 mm). In three of 
' patients with mild stenosis A max was 1, 2 
mm, r respectively—well within the normal 


5 latation of. the pulmonary artery, Amax measured 8 
mm. Figure 5 is a tracing from a patient with moder- 
ate pulmonary stenosis. In this tracing the marked 
a p increase i in gps of the a wave (11 mm) 


i th d eve is vide Nicréased, the leaflet 
| le to return to the base line before the onset of 


y tole therefore occurred with the valve d ina partial- 
o ea Although this situation was occa- 
ally d een during m in normal 


a causes full opening of the 
th dd the peak of the valve at both the 








FIGURE 5. Recording from a patient with moderate 
pulmonary stenosis. The first complex on the left dem- 
onstrates a marked inspiratory increase in depth of the 
a wave (11 mm). The next two complexes recorded .. 











































during the next inspiration again shows a deep à = 
wave. In this recording the P-R interval is 0.21 second, ~ 
allowing the leaflet to return to the base line before... 
ventricular systole in spite of the deep a wave. E 


pulmonary valve at the onset of ventricular systole = 
(point b) to the intensity of the pulmonary ejection. — 
click. The first pulmonary valve complex is recorded 
during inspiration and the valve is in a partially open. _ 
position at the onset of ventricular systole (point b). 
In this case the ejection click is barely recordable. In: 
the next three complexes recorded during expiration, 


the valve is in a base line or closed position at the- 


onset cf systole, and a prominent ejection click is re- 
corded. The fifth complex again is recorded during 
inspiration. The valve is again in a partially open po- 
sition at the onset of systole, and the ejection click is E 
markedly diminished. 


Pulmonary Hypertension 


Group III consisted of 26 patients with pulmonary 
hypertension (mean pulmonary arterial pressure 20 
mm Hg or greater). The average mean pulmonary ar- 
terial pressure was 45 mm Hg (range 20 to 85 mm. | 
Hg). Twenty-five patients had no evidence of an atri- — 
al contraction or a wave on the pulmonary valve 
echogram; one patient had a 2 mm a wave. In these : 
26 eases the height of the right ventricular a wave - 
was. well below that recorded for pulmonary arterial 
end-diastolic pressure, and in all but one case there 
was no movement of the pulmonary valve. is 


Left to Right Shunt 
Group IV contained 10 patients with increased . 
pulmonary blood flow secondary to a left to right 
shunt. There were seven patients with an atrial septal — 
defect, two with anomalous pulmonary venous drain- 


age and one with both lesions. In this group the maxi- — 


mal a wave depth averaged 3.4 mm (range 0 to 7 : 
mmi. dU y ei tok flow averaged 10. 8 liters; /min 









during expiration appear normal. The fourth complex. 









FIGURE 6. Echocardiogram and phonocardiogram illustratin 





amined to determine if increased pulmonary flow 
might augment the effect of atrial contraction on the 
pulmonary valve. In the small group studied we 
found no evidence of this. Although left to right 
shunting did not appear to influence a wave depth, 
the degree of c-d and e-f slopes are at least partially 
related to flow. In two of these patients with a high 
level of pulmonary arterial flow, the c-d and e-f 
slopes decreased markedly after closure of the shunt. 


Other Heart Disease 


© Group V contained 28 patients with a variety of 
disorders representing the spectrum of abnormalities 
seen in this laboratory, including cardiomyopathy, 
aortic and mitral valve disease, subacute bacterial en- 
docarditis, renal disease with and without pericardial 
effusion, idiopathic hypertrophic subaortic stenosis 


and functional murmurs. None of these patients were . 


considered clinically to have pulmonary valve dis- 
ease, and in none was the depth of the a wave outside 
the normal range. : 


Discussion 


n this study we observed three characteristic pat- 
is of pulmonary valve motion after atrial systole 
7). Normally atrial systole causes a small poste- 
eflection or a wave of the pulmonary valve leaf- 
(average 3 mm). In moderate and severe pulmo- 
stenosis the valvular obstruction frequently re- 
s in increased right ventricular end-diastolic pres- 
nd force of atrial contraction that, in the face of 
lor reduced pulmonary arterial pressure, pro- 
a. positive end-diastolic gradient across the 
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t g the relation of the position of the pulmonary valve at the onset of ven 
tole (point b) to the intensity of the pulmonary ejection click (EC). In the first complex from the left, recorded during inspiration, the va 
partially open position at the onset of ventricular systole (point b), and the ejection click is barely recordable. in the next three complexe 
expiration the valve is in a base line or closed position at the onset of systole, and a prominent ejection click is recorded. in thé fifth cc 
during inspiration, the valve is again in a partially open position at the onset of systole and the ejection click is markedly diminished. > 


‘This gradient has been shown to produce © contractio 
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FIGURE 7. Diagram summarizing the three characterist 
pulmonary valve motion after atrial systole. 
(NOR.) atria! systole causes a small posterior d 
of the pulmonary valve leaflet (average 3 mrn). 
vere pulmonary stenosis (PS) a marked in 
(average 10 mm) was noted. In patients v 
sion (PH), increased pulmonary art 
ction from inducing movement ı 
iu e" 
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opening or doming motion was reflected in the echo- 
cardiogram by a marked increase in the depth of the 
a wave (average 10 mm) and, in two patients with se- 
vere stenosis, movement of the valve to the fully open 
or domed position occurred before the onset of ven- 
tricular systole. In pulmonary hypertension the pul- 
monary arterial end-diastolic pressure was usually 
much greater than the pressure generated by atrial 
contraction and no motion of the valve was seen. 
These findings are consistent with the preliminary 
observations of Gramiak et al.’ 

Effect of respiration: Respiratory variation in 
depth of the a wave was seen in all groups with the 
exception of those patients with pulmonary hyper- 
tension who manifested no a wave. The marked aug- 
mentation in a wave depth observed in valvular pul- 
monary stenosis is frequently apparent only during 
inspiration. Therefore, it is essential to measure the a 
wave during the inspiratory phase of quiet respira- 
tion. Abnormally deep or sighing respiration general- 
ly causes the tracing to be obliterated by intervening 
lung. Although we have not observed this phenome- 
non, it is possible that a tracing recorded during ab- 
normally deep inspiration might produce a false posi- 
tive result. 

Significance of increased amplitude of a wave: 
The increased pulmonary leaflet motion observed 
after forceful atrial systole in pulmonary stenosis is 
not specific for this anatomic lesion but instead re- 
flects the characteristic end-diastolic pressure gradi- 
ent. Although increased right ventricular end-diastol- 
ic pressure and increased force of atrial contraction 
are seen in several disorders, pulmonary stenosis is 
the only major condition in which they are associated 
with normal or reduced pulmonary arterial pressure. 
Therefore, although the echocardiographic pattern 
does not demonstrate the specific anatomic lesion of 
pulmonary stenosis, it should be fairly specific for 
this disorder. When pulmonary hypertension and 
pulmonary stenosis coexist, the presence or absence 
of the a wave will depend on the relative magnitude 
of the various pressures. As a rule, with any signifi- 
cant degree of pulmonary hypertension the a wave 
will be absent. We recently examined an echocardio- 
gram from a 1 week old infant with pulmonary steno- 
sis and a 70 mm gradient across the valve. No a wave 
was evident in the tracing, and we believe that this 
finding reflects the residual pulmonary hypertension 
(pulmonary arterial pressure 40/20 mm Hg) seen at 
this age. In another patient with corrected transposi- 
tion, a ventricular septal defect and a functioning 
Potts anastomosis, the absence of an a wave in the 
face of significant pulmonary stenosis demonstrated 
at an earlier catheterization favored the diagnosis of 
significant pulmonary hypertension, which was con- 
firmed at a subsequent catheterization. 

We observed an augmented a wave in all patients 
with moderate and severe pulmonary stenosis; how- 
ever, the hemodynamic and angiographic studies of 
others have not revealed a positive end-diastolic gra- 
dient in all cases. Reeve? demonstrated this positive 
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gradient during inspiration in 15 of 19 cases of mild 
or moderate valvular pulmonary stenosis. Hultgren et 
al. demonstrated a similar gradient in 7 of 10 cases. 
If we are correct in assuming that the motion we ob- 
served represents the presystolic opening or doming 
of the valve secondary to this positive gradient, it is 
to be expected that it will not be observed in all fu- 
ture cases. Alternatively, the echocardiogram may be 
more sensitive in detecting small movements of the 
leaflet in response to gradients not appreciated by 
routine methods of measurement. 

In the small number of cases we examined there 
appeared to be a rough correlation between the depth 
of the a wave and the severity of the stenosis. This 
observation will require examination of a much larger 
series of patients and confirmation by other investi- 
gators before it can be considered clinically useful. 

Precautions in interpreting the recordings: 
Several problems are involved in examining the 
echoes of one leaflet and trying to apply the data to 
the whole valve. First, when the echocardiogram indi- 
cates that one leaflet is moving posteriorly, it is as- 
sumed that the opposite leaflet is moving anteriorly. 
Although this assumption is in agreement with the 
effect expected from pressure tracings and angio- 
graphic data, it cannot be made positively from the 
echocardiogram alone. When both anterior and pos- 
terior leaflets have been recorded throughout systole, 
they do move in opposite directions as expected. We 
have successfully recorded both leaflets throughout 
the cardiac cycle only in patients with pulmonary hy- 
pertension and have been unable to demonstrate sep- 
aration of the leaflets in response to atrial systole. 

Second, when point b falls below the base line at 
the onset of ventricular systole, it is assumed that the 
valve is in a partially open or domed position. Again, 
although this is an attractive concept and is in agree- 
ment with other data, it cannot be determined un- 
equivocally from the echocardiographic data. This 
situation is similar to that existing with mitral valve 
echoes before the observation and appreciation of the 
posterior leaflet. 

If the motion of the anterior leaflet is a mirror 
image of the motion of the posterior leaflet, the cusp 
separation might appear to be rather large. It is im- 
portant to remember that, although the valvular ori- 
fice in pulmonary stenosis may be very small, the 
fused leaflets remain pliable and can move through a 
wide arc in opening and closing. What we measure is 
the excursion of the leaflets from the closed to the 
domed position, and the degree of excursion is not re- 
lated to the size of the valvular orifice at the apex. In 
one patient the posterior leaflet moved 1.3 cm to the 
open position, whereas the calculated valvular orifice 
was only 0.55 cm?. When both leaflets are recorded in 
pulmonary stenosis the degree of separation will de- 
pend on the plane in which the ultrasonic beam 
crosses the dome of the valve. 

In this study we examined predominantly adults: 
Only 2 of our 14 patients with pulmonary stenosis 
were children (aged 5 and 6 years, respectively). One 
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child had moderate and one severe pulmonary steno- 
sis and both had abnormally deep a waves. In each 
case, however, Amax was at the lower limit for this 
group (8 mm). In smaller children and infants we 
would expect similar qualitative changes in valvular 
motion although the magnitude of these changes 
would undoubtedly require correction for the smaller 
pulmonary artery and valve. This possibility will re- 
quire further evaluation. The technique of localizing 
the pulmonary artery and valve in children is similar 
to that used in adults. While our experience in exam- 
ining the pulmonary valve in children is limited, we 
have generally found the valve to be more easily lo- 
cated and recorded in children than in adults. 
Clinical implications: Our observations indicate 
that because of the reduced diastolic pressures on the 
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right side of the heart, right atrial systole is normally 
able to produce observable end-diastolic motion of 
the pulmonary valve. In moderate and severe pulmo- 
nary stenosis, the increase in magnitude of the pres- 
sures generated proximal to the valve causes a 
marked increase in the degree of this motion. In pa- 
tients with pulmonary hypertension, end-diastolic 
pressures distal to the pulmonary valve are greater 
than those generated by atrial systole, and no motion 
of the valve is observed. 
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The feasibility and usefulness of obtaining anterior left ventricular wall 
echoes were studied using a linear cardiac scan with a single element 
tranducer and M mode recordings. One hundred four patients were ex- 
amined: 50 with acute myocardial infarction and 54 who underwent left 
ventricular angiography and coronary cineangiography for evaluation 
of chest pain. Of the 54 patients with cardiac catheterization studies, 
11 had no evidence of cardiac disease, 42 had 50 percent or greater 
obstruction in one or more of the three major coronary arteries and 
one had aortic insufficiency. Anterior left ventricular wall echo motion 
toward the transducer or absence of motion during ejection was called 
abnormal, and motion away from the transducer during ejection was 
interpreted as normal. Abnormal motion was seen in four of four pa-- 
tients with an isolated lesion of the anterior descending coronary ar- - 
tery, in one of three with an isolated lesion of the right coronary ertery 
and in neither of two with an isolated lesion of the left circumflex ar- 
tery. Of the 20 patients with obstructive coronary artery disease by ar- 
teriography and abnormal left ventricular wall echo motion, 18 had ob- 
struction of the left anterior descending artery with or without other 
disease. Correlation of the anterior left ventricular echograms with the 
left ventricular angiograms was poor, with agreement in only 66 per- 
cent (33 of 50) of cases. Twenty-five of 26 patients with acute infarc- 
tion and abnormal anterior left ventricular wall echo motion had elec- 
trocardiographic changes indicative of anterior or lateral wall infarc- 
tion, or both. Twenty-five of 34 patients with electrocardiographic 
changes indicative of anterior wall infarction had an abnormal anterior 
wall motion echo. This study shows that obtaining the anterior left ven- 
tricular wall echo is feasible and useful in patients with coronary artery 
disease since abnormal anterior left ventricular wall motion is closely 
associated with anterior wall ischemia or infarction in these patients. 


Simultaneous recordings of left septal and endocardial echoes have 
proved to be valuable in assessing left ventricular performance. 
Changes in left septal and posterior left ventricular wall motion both 
near the apex and near the base of the heart have been observed in 
echocardiograms of patients with coronary artery disease.! The loca- 
tion of abnormal echo motion generally corresponds to an area distal 
to a significantly obstructed coronary artery as correlated with coro- 
nary cineangiographic findings.! Kerber and Abboud? have shown in 
animal experiments that the abnormal motion after infarction is due 
to dyskinesis and not to generalized changes in ventricular function. 
Because coronary artery disease characteristically involves segmental 
areas of the left ventricle, recording echoes from additional areas may 
increase the usefulness of echocardiography in evaluating left ven- 
tricular wall motion, contour and dimensions. 

This report describes a linear cardiac scan using a single element 
transducer and M mode recording. By this method, we have exam- 
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FIGURE 1. Normal echocardiogram obtained by 
moving the transducer linearly from an area over 
the anterior left ventricular wall to the left paraster- 
nal area where echoes from the right ventricle 
(RV), interventricular septum and posterior left ven- 
tricular walls are recorded. The anterior left ventric- 
ular wall echo (ALV) moves away from the chest 
wall and toward the posterior wall during ejection. 
EN = endocardium; LS = left septum. 


ined the anterior left ventricular wall in patients with 
and without angiographically demonstrated coronary 
artery disease and in patients with acute myocardial 
infarction. 


Methods 


Patients: One hundred four patients were included in 
this study. Fifty-four patients had cardiac catheterization 
studies including left ventricular angiography in the right 
anterior oblique projection and coronary cineangiography 
for evaluation of chest pain or the feasibility of surgical 
therapy. This group included 9 women and 45 men aged 28 
to 68 years (mean 48 years). Twelve patients had no signifi- 
cant coronary artery disease and 42 had significant ob- 
struction (50 percent or greater) in one or more of the three 
major coronary arteries. Twenty of the 42 patients had 
three vessel disease, 12 had two vessel disease and 10 had 
significant obstruction of only one vessel. 

Fifty additional patients with acute myocardial infarc- 
tion were examined in the coronary care unit. Each patient 
was evaluated clinically and was entered in the study only 
if the findings included two of the three major criteria for 
the diagnosis of myocardial infarction (classic history, seri- 
al enzyme changes and infarction pattern on the electrocar- 
diogram). The 29 men and 21 women in this group had an 
-age range of 31 to 85 years (mean 59 years). Electrocardio- 
graphic changes indicated anterior or lateral wall infarction 
in 28 patients, inferior infarction in 14 and subendocardial 
infarction in 8; the subendocardial changes were seen in an- 
terior or lateral leads in 6 and in inferior leads in 2. 

Echocardiograms: All patients were examined with a 
commercial echocardiograph using a 2.25 megahertz 1/2 
inch transducer collimated at 7.5 cm. Echocardiograms of 


the patients undergoing cineangiography were obtained the 


day before the cardiac catheterization studies and were re- 
corded on an Electronics for Medicine multichannel strip 
chart recorder with a simultaneous lead II electrocardio- 

gram. Patients with acute infarction had from one to six 
. echocardiograms while in the coronary care unit. The first 
study was performed within 48 hours of admission. These 
echoes were recorded at the bedside with a portable Hon- 
eywell 1856 strip chart recorder. 

A standard “M mode" scan of the heart was obtained by 
placing the transducer along the left sternal border in the 
intercostal space where the echoes were best seen. The 
transducer was tilted in an arc sector from the base of the 
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heart to the cardiac apex while the echoes were recorded 


continuously on the strip chart recorder. Details of this 


technique have been described. The anterior left ventricu- 
lar wall echo was obtained by using a lateral linear scan 


from this position. Initially, echoes from the right ventricu- . ! 


lar wall, interventricular septum and posterior left ventric- 
ular wall were recorded. Then the transducer was moved 
laterally 2 to 3 inches, during continuous recording, until 
the right ventricular cavity disappeared and the interven- 
tricular septum became the anterior left ventricular wall 


(Fig. 1). To record the anterior left ventricular motion it - 


was usually necessary to decrease the near gain. The far 
gain and damping controls could not be used because they 
eliminated the posterior left ventricular wall echoes that 


are used as landmarks to be certain the ultrasonic beam is - 


still traversing the left ventricular cavity. Cardiogreen dye 
was injected into the left ventricle of two patients during 
catheterization and simultaneous echocardiography to con- 
firm that the anterior structure was the left ventricular 
wall. 

The echocardiograms were interpreted without knowl- 
edge of the clinical information. The anterior left ventricu- 
lar wall echo was called normal if it moved away from the 
transducer during ventricular ejection and abnormal if it 
did not move or if it moved toward the transducer during 
ejection. Normal motion is illustrated in Figures 1 and 2 
and abnormal motion in Figures 3 to 5. The data were ana- 
lyzed to determine (1) if examination of the anterior left 
ventricular wall would be useful in detecting abnormal mo- 
tion in patients with chronic coronary artery disease or 
acute myocardial infarction, and (2) if abnormal anterior 


left ventricular wall motion correlated with location of cor- _ 


onary disease demonstrated cineangiographically in chron- 
ic disease or electrocardiographically in acute disease. 


Results 


Patients Undergoing Coronary Cinearteriography 
Anterior left ventricular wall echoes were recorded 


in 50 of 54 consecutive patients having coronary — 
cinearteriography (93 percent). These scans were not - 


always technically ideal. The transducer had to be 
moved slowly to maintain continuity of structures, 
and it was very difficult to do this rapidly enough to 
record an entire scan in 11 seconds as in Figure 1. A 
continuous scan of the right and left anterior walls 
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FIGURE 2 (left). Section of a linear echocardiographic scan showing normal anterior left 
ventricular wall (ALV) mation away from the chest wall during ejection. PLV = posterior 
left ventricular wall. 


FIGURE 3 (top). Linear echocardiographic scan obtained by moving the transducer from 
an area overlying the anterior left ventricular wall with no discernible motion to an area in 
which there is normal motion away from the chest well. 


uot MOMS ORE EAM ERR LUN ND FC rm ry, ru v 





FIGURE 4 (left). Marked paradoxical motion of the anterior left ventricular wall recorded on 
the admission echocardiogram of a patient with an acute anterior myocardial infarction. 


FIGURE 5 (top). Linear echccardiographic scan moving laterally from an area overlying the 


right ventricle (ARV) where the anterior wall moves normally to an area over the left anterior 
„wall (ALV) where the motior changes and is toward the chest wall during. ejection. Part of 
| wat Tepes is seen on the lett. tt m rS npletely with damping to expose t the anterior 











rinfar 








TABLE I 


Comparison of Anterior Left Ventricular Wall (ALV) Motion 
on Echocardiograms with Left Ventricular Cineangiograms 


ALV Angiogram* 
ALV Echogram Normal Abnormal 
Normal 22 7 
Abnormal 10 11 


* Includes anterior, lateral and apical areas. 


was nearly always possible, but in some patients the 
septum would be lost and not actually traced into the 
anterior left ventricular wall. Attempts to use a 
transducer with a nearer focus improved details of 
the anterior left ventricular wall but increased the 
difficulty in obtaining posterior wall echoes. The pos- 
terior wall echoes in the area behind the anterior left 
ventricular wall were not like the posterior wall 
echoes obtained in the standard position but resem- 
bled those seen medially near the atrioventricular 
junction. The endocardial echoes in this area were 
often of poor quality, and no attempt was made to in- 
terpret them. 

Normal anterior wall echo motion: The anterior 
left ventricular wall echo was normal in 29 of 50 pa- 
tients. Eleven of these 29 patients had no significant 
coronary artery disease and 18 had significant ob- 
struction (50 percent or greater) in one or more of the 
three major coronary arteries. 

Abnormal anterior wall echo motion: The ante- 
rior left ventricular wall demonstrated abnormal mo- 
tion in 21 patients and, in 6, this area was the only 
area of the left ventricular echogram with abnormal 
motion. Twenty of the 21 patients with abnormal an- 
terior left ventricular echo motion had significant ob- 
struction in one or more vessels. The one patient with 
abnormal anterior wall echo motion and no coronary 
artery disease had aortic insufficiency. The echocar- 
diographic and angiographic techniques used to de- 
tect abnormalities of anterior left ventricular wall 
motion were in agreement in 66 percent (33 of 50) 
and in disagreement in 34 percent (17 of 50) of cases 
(Table I). 

Table II shows the frequency of abnormal anterior 
left ventricular echo motion in relation to the loca- 
tion of the obstructive coronary disease. Anterior 
wall echo motion was abnormal in four of four pa- 
tients with an isolated lesion of the left anterior de- 
scending coronary artery, in one of three with an iso- 
lated lesion of the right coronary artery and in nei- 
ther of two patients with an isolated lesion of the left 
circumflex artery. If one includes patients with two 
and three vessel disease, 86 percent (18 of 21) pa- 
tients with abnormal left ventricular echo motion 
had obstruction of the left anterior descending coro- 
nary artery, 67 percent (14 of 21) had obstruction of 
the right coronary artery and 67 percent (14 of 21) 
had obstruction of the left circumflex artery. 
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TABLE II 


Location of Obstructive Coronary Artery Disease on 
Angiograms Compared with Anterior Left 
Ventricular Echo Motion 


Patients 

Obstruction > 50% (no.) no. 06 
LAD only 4 4 100 
RC only 3 1 33 
LCC only 2 0 0 
LAD + LCC 4 2 50 
LCC + RC 3 1 33 
LAD + RC 4 1 25 
LAD + RC + LCC 18 11 61 
No obstruction 12 1 8 


ALV = anterior left ventricular wall motion; LAD = left anterior 
descending coronary artery; LCC = left circumflex coronary 
artery; RC = right coronary artery. 


TABLE Ill 


Prevalence of Abnormal Anterior Left Ventricular (ALV) 
Echo Motion According to Electrocardiographic Location 
of Acute Infarction 


Abnormal ALV Echogram 


Electrocardiographic Location of Patients 
Infarction (no.) no. 06 
Transmural anterior 28 21 Ae i 
Transmural inferior 14 I* 7 
Subendocardial 6 4 67 
anterior 
Subendocardial 2 0 0 
inferior 


* This patient had a documented old anteroseptal infarction. 


Patients with Acute Myocardial Infarction 
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The anterior wall echo was recorded on the admis- - 
sion echocardiogram in 38 of the 50 patients (76 per- . 


cent) with acute infarction and was seen in 49 of 
these patients (98 percent) on at least one of the sev- 
eral echocardiograms obtained in the coronary care 
unit. 

'Twenty-six of the 50 patients had abnormal anteri- 


or left ventricular wall echo motion, and in 8 (16 per- 


cent) this was the only abnormality of motion seen on 
the initial echocardiogram. 
Table III shows the location of infarction on the 


electrocardiograms of patients with normal and ab- — 
normal anterior left ventricular wall echo motion. 


Twenty-five of the 26 patients (96 percent) with ab- 


normal anterior left ventricular echo motion had an- | 
terior or lateral electrocardiographic changes, or . 
both. The one patient with an acute inferior myocar- - 
dial infarction and abnormal anterior left ventricular | 
wall echo motion had a history of a previous antero- _ 
septal myocardial infarction. Twenty-five of the 34 | 
patients (74 percent) with anterior electrocardio- — 
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echo motion with left ventricular angiograms the 
findings suggested that echocardiography may be 
more sensitive than left ventricular angiography in 
detecting abnormal wall motion in the areas that can 
be seen echocardiographically.! It seems likely that, 
although the two techniques have similar sensitivity 
in finding abnormal anterior left ventricular wall mo- 
tion, the correlation is poor when individual patients 
are considered, possibly because the areas examined 
are not always the same. Discrepancies may also be 
due to differences in physiologic conditions since pa- 
tients are at rest during echocardiography and under 
the influence of cardiac catheterization and, often, 
pharmacologic interventions during angiography. 


: graphic changes had abnormal anterior left ventricu- 
-lar echo motion. 


Discussion 

—. Left ventricular angiograms are considered the 

best method of evaluating left ventricular wall mo- 
- tion in coronary artery disease.^-? The areas of asyn- 
ergy seen on angiograms have corresponded to areas 
- of asynergy seen at operation? and are closely associ- 
ated with both the site of coronary arterial obstruc- 
tion demonstrated angiographically?? and the loca- 
—tion of transmural infarction seen electrocardio- 
_ graphically.? Although asynergy is more common 


- with extensive coronary artery disease and after myo- 

. cardial infarction, it may occur in patients with single 

. vessel disease or be absent in patients with three ves- 

sel disease.9" Extensive contraction abnormalities 
may occur without angiographic demonstration of 

- total coronary arterial obstruction.919.1! This finding 

_ may be partially attributed to the tendency of coro- 

_ nary arteriograms to show less stenosis than that 

seen on pathologic examination.!?:? Abnormalities of 

- contraction pattern are also seen in cardiomyopathy, 

- conduction abnormalities, hypertensive heart disease 

` and valvular disorders and should not be considered 

- specific for coronary artery disease.’ 

_ There were only 11 “normal” patients without ob- 
jective evidence of cardiac disease in this study, since 
consecutive patients were evaluated in order to de- 

termine how often the scan could be obtained in a 


Echocardiographic and coronary angiographic 
correlations: All except 2 of the 20 patients with 
coronary artery disease and abnormal anterior left 
ventricular wall echo motion had obstruction of the 
left anterior descending coronary artery and 1 of 
these 2 patients had a circumflex lesion. However, 
since 14 of the 18 patients with a lesion of the left an- 
terior descending artery had two and three vessel dis- 
ease, the abnormal motion could not be attributed to 
this lesion except in the 4 cases with isolated obstruc- 
tion of the left anterior descending artery. 

Echocardiographic and electrocardiographic 
correlations: In the group with acute myocardial in- 
farction, all but one of the patients with abnormal 
anterior left ventricular motion had electrocardio- 
graphic changes indicating anterior wall involvement. 
'This patient had acute inferior wall infarction as well 


- routine way. Ten of the 11 had normal findings on 
- the echocardiogram. We have not seen abnormal an- 
_ terior left ventricular wall motion in other normal pa- 
_ tients examined before and after this study. In this 
series, the patient without coronary artery disease 
and abnormal left ventricular wall echo motion had 
- aortic insufficiency. Since this study, we observed ab- 
. normal anterior left ventricular wall motion in anoth- 
. er patient who had severe aortic insufficiency and 


as electrocardiographic evidence and a documented 
history of an old anteroseptal infarction. None of the 
other patients with electrocardiographic changes of 
acute inferior wall infarction had abnormal anterior 
left ventricular wall motion. It thus seems likely that 
abnormal anterior left ventricular echo motion in pa- 
tients with coronary artery disease is most often asso- 
ciated with anterior wall infarction or ischemia, al- 
though the correlation of the echograms with the left 


normal coronary cineangiograms. In that instance, 
- the left ventricular cineangiogram showed hypokin- 
esis of the left anterior wall. 
-= Echocardiographic and left ventricular angio- 
graphic correlations: There was agreement be- 
tween the echocardiographic and angiographic data 
on the presence or absence of abnormal anterior left 
. ventricular wall motion in only 66 percent of cases. 
- Of the 10 patients with abnormal anterior left ven- 
tricular motion by. echocardiogram and normal mo- 
tion by angiocardiogram, 8 had a lesion of the left an- 
terior descending artery that could have caused ab- 
- normal motion. In a previous study comparing septal 


ventricular angiograms was poor and this finding re- 
quires further clarification. 

We believe that our findings indicate that the 
echocardiographic examination of anterior left ven- 
tricular wall motion is feasible and that linear scan- 
ning over more areas of the heart may yield increas- 
ing information about the left ventricular chamber. 


Acknowledgment 


We acknowledge the valuable assistance of Dr. John F. 
Phillips and Dr. Steven Widlansky in interpretation of an- 
giographic data and Dr. Suzanne B. Knoebel for her 
suggestions regarding this manuscript. 


References 


1. Jacobs JJ, Feigenbaum H, Corya BC, et al: Detection of left 
ventricular asynergy by echocardiography. Circulation 48:263- 
271, 1973 

2. Kerber RE, Abboud FM: Echocardiographic detection of region- 
al myocardial infarction: an experimental study. Circulation 47: 


997-1005, 1973 

3. Feigenbaum H: Echocardiography. Philadelphia, Lea & Febiger, 
1972, p 25-41 

4. Gorlin R: Evaluation of patients with coronary artery disease. 
Prog Cardiovasc Dis 14:331-340, 1972 | 


. 656 November 1974 The American Journal of CARDIOLOGY Volume 34 


. Herman MV, Gorlin R: Implications of left ventricular asynergy. 
Am J Cardiol 23:538-547, 1969 

. Cohn PF, Herman MV, Gorlin R: Ventricular dysfunction in cor- 
onary artery disease. Am J Cardiol 33:307-310, 1974 

. Baxley WA, Reeves TJ: Abnormal regional myocardial perfor- 
mance in coronary artery disease. Prog Cardiovasc Dis 13: 
405-421, 1971 

. Sniderman AD, Marpole D, Fallen EL: Regional contraction pat- 
terns in the normal and ischemic left ventricle in man. Am J 
Cardiol 31:484—489, 1973 

. Williams RA, Cohn PF, Vokonas PS, et al: Electrocardiograph- 
ic, arteriographic and ventriculographic correlations in transmur- 
al myocardial infarction. Am J Cardiol 31:595-599, 1973 


ANTERIOR LEFT VENTRICULAR WALL ECHOES--CORYA ET AL. 
10. 
11. 


12. 


13. 





Dove, JT, Shah PM, Schreiner BF: Effects of nitroglycerin on | 


left ventricular wall motion in coronary artery disease. Circula- - 


tion 49:682-687, 1974 


Stewart DK, Hamilton GW, Murray JA, et al: Left ventricular - 


| 
| 


] 


4 


function and coronary artery anatomy before and after myocar- 


dial infarction: a study of six cases. Circulation 49:47-54, 1974 
Vlodaver Z, Frech R, Van Tassel RA, et al: Correlation of the 
antemortem coronary arteriogram and the postmortem speci- 
men. Circulation 47:162—169, 1973 


al 


Gray CR, Hammond WS, Miller KL, et al: Correlation of arterio- i 


graphic and pathologic findings in the coronary arteries in man. 


Circulation 26:494—499, 1962 






Left Ventricular Aneur 


PRIS NEST " 


Te 


PAOLO ESENTE, MD* 
OFFREDO G. GENSINI, MD, FACC 





ANN E. KELLY, MS 
As SHER BLACK, MD, FACC 


Syracuse, New York 


> ati Sah 


mw 
f 


Ti JG EJ ER TE CC PAS e Bs 
CÓMICS fus cc dae VAM 
i gp 


aise 


b 
lacs 


From the Msgr. Toomey Cardiovascular Labora- 
tory and Research Department, St. Joseph's 
Hospital, Syracuse,‘N. Y. Manuscript accepted 
June 19, 1974. 

Address for reprints: Goffredo G. Gensini, 
MD, Cardiovascular Laboratory, St. Joseph's 
Hospital, 301 Prospect Ave., Syracuse, N. Y. 
13203. 

* Present address: Istituto di Cardiologia, Os- 
pedale Civile, 33100-Udine, Italy. 


SEN WERE VE ERI mr ETN EEEE, HEUTE ENEE RC E NS PLY ET, 
que On Fore ee) E ae si vr N y^ eu nd dL n " CV TANT, 
s | 4 x " a x 


y 


ysm Without Coronary Arterial 
Dbstruction or Occlusion 


The most common cause of left ventricular aneurysm is severe ob- 
struction or occlusion of a major coronary artery. Among the last 2,500 
patients studied in our laboratory with selective coronary cinearteri- 
ography and left ventriculography, we found 9 with unquestionable evi- 
dence of left ventricular aneurysm and no or minimal coronary arterial 
obstruction. Eight of the nine patients had a history of previous myo- 
cardial infarction and classic electrocardiographic changes. We be- 
lieve that in these patients coronary arterial obstruction had led to the 
development of left ventricular aneurysm. Later, complete or partial re- 
gression of the coronary obstruction ensued, leaving a normal or a 
minimally compromised vascular lumen. 


Left ventricular aneurysm can be caused by chest trauma,! rheumatic 
fever,? syphilis,? mvcosis,? Chagas’ disease,” sarcoidosis^ and congeni- 
tal defects.? The aneurysm may be associated with normal coronary 
arteries, but it is most commonly caused by severe obstruction or oc- 
clusion of a major coronary artery secondary to coronary atheroscle- 
rosis. Occasionally, severe obstruction or occlusion of a large coronary 
branch may be related to embolism, primary dissecting aneurysm of 
the coronary arteries or one of various forms of arteritis. 

Since the development and widespread application of coronary ar- 
teriography, a great deal of controversy has been generated by the 
discovery of patients with a seemingly clear-cut history of typical an- 
gina pectoris and normal coronary arteries.9-? A problem that has 
been even more difficult to resolve is the finding of normal coronary 
arteries in patients with an unquestionable previous history of myo- 
cardial infarction.!9-!? This report concerns a small group of nine pa- 
tients whose findings are at the extreme end of this spectrum: all nine 
had a ventricular aneurysm by left ventriculography, yet two cf the 
nine had normal coronary arteries and seven had minimal coronary 
artery disease at the time of study. 


Material and Methods 


Among the last 2,500 patients studied in our laboratory with selective coro- 
nary cinearteriography and left ventriculography, 11 had unquestionable evi- 
dence of left ventricular aneurysm and normal coronary arteries or minimal 
coronary artery disease (50 percent stenosis or less). Left ventricular aneu- 
rysm was considered present when there was paradoxical motion of a well de- 
fined myocardial segment that had distinct borders and a thinned wall. Two 
of these patients had a positive history of chest trauma and were excluded 
from this series. The other nine patients were free of any history of chest 
trauma and had no systemic, congenital, infectious or parasitic disease that 


could account for the aneurysm. 


Results 


Table I summarizes the pertinent clinical, electrocardiographic and 
angiographic findings. Eight of the nine patients had an unquestion- 
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* No clinical evidence of congestive heart failure. 
i = large; MI = myocardial infarction; S = small. 





FIGURE 1 (top). Case 3. Left ventriculogram during systole, right 
anterior oblique view. A well defined anteroapical aneurysm (proved 
at operation) is outlined by arrows. 


FIGURE 2 (right). Case 9. Coronary arteriograms. A, right coronary 
artery, right anterior oblique view; B, left coronary artery, left anteri- 
or oblique view. A 50 percent reduction in lumen diameter is ob- 
served in the mid-segment of the right coronary artery (arrow). The 
left coronary artery is entirely normal despite the presence of an ap- 
‘ical aneurysm. 


able history of acute myocardial infarction from 6 
-weeks to 10 years (mean 32 months) before the diag- 
-nostic studies; only two had a history of heart failure. 

. Inseven patients, the left ventricular aneurysm in- 
volved the apex. or the anteno de wall, or both 








the diaphragmatic wall, and one (Case 9) had an api- 
cal aneurysm. Although seven of the nine patients 
had coronary arterial involvement, none had more 
than 50 percent constriction of the lumen diameter of 
any vessel (Fig. 2).!^ A meticulous review of the coro- 
nary arteriograms of all these patients excluded to 
our satisfaction the possibility of flush occlusion of a 
variant coronary arterial branch at its origin.!® 


D. 


Discussion 


| “In reviewing cases of left ventricular aneurysm 
with normal or functionally unimpaired coronary cir- 
culation, only two hypotheses may be considered: (1) 
‘The aneurysms were caused by factors other than 
coronary arterial occlusion, or (2) coronary arterial 
occlusion had occurred but was no longer present at 
the time of study. 

The first hypothesis does not appear likely in our 
nine patients since none had a history of trauma or 
‘signs associated with other possible causative factors. 
"The second hypothesis is supported by the history of 
previous myocardial infarction with classic electro- 
cardiographic changes found in seven of the nine pa- 
tients and by the results of repeated cinearterio- 
graphic studies made in one. In this latter patient 
(Case 7), a young man with a large anteroapical left 
ventricular aneurysm, a single subocclusive lesion of 
the left anterior descending artery regressed after 10 
years, leaving a lumen that was only 50 percent ob- 
structed.16.17 

— Coronary arteriography performed at repeated in- 
tervals may help to explain the possible sequence of 
events leading to the phenomenon of unstable an- 
gina,!6-1* as well as infarction (and eventually aneu- 
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rysm) without coronary occlusion (Case 7). Regres- 
sion of coronary artery disease occurs in at least 2 
percent of patients.!” We have studied with serial 
coronary arteriograms a few patients, not included in 
the present group, with unstable angina of sudden 
onset that began to subside a few hours before coro- 
nary arteriography.!? Two of these patients had arte- 
riographic evidence of an ulcerated plaque at the ori- 
gin of a major vessel; 1 year later their coronary arte- 
riograms revealed a diminution in the ulceration. In 
another case moderate coronary arterial obstruction 
(75 percent) rapidly progressed to occlusion requiring 
surgery and then regressed to less than 75 percent re- 
duction of lumen diameter by the time of the postop- 
erative arteriogram, 3 months later. Regression of 
coronary arterial thrombosis is another possibility 
and has been demonstrated in experimental condi- 
tions.?? Coronary spasm occurring subsequent to an 
ulcerated plaque may also be postulated.!9:?! We in- 
terpreted our findings in these cases as severe ob- 
struction due to hemorrhage into a plaque that either 
suddenly ruptured, causing fragmentation of the ath- 
eroma, or regressed, causing the obstruction to disap- 
pear before myocardial necrosis had time to occur. 

Our experience and previously published data in- 
dicate that coronary arterial occlusion must be re- 
garded as a dynamic phenomenon. Selective coronary 
arteriography defines the extent and severity of coro- 
nary arterial occlusion at the time of the procedure. 
Predictions based on one selective coronary arterio- 
gram are statistically valid for a large patient popula- 
tion but cannot be utilized to foretell the future of 
the atherosclerotic plaque or to construct the tempo- 
ral sequence of past events in any one case. 
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Atrial pacing was compared with multistage treadmill exercise testing 
in 50 patients undergoing diagnostic cardiac catheterization to deter- - 
mine the diagnostic sensitivity of atrial pacing. Coronary artery disease | 
was considered significant if luminal narrowing greater than 75 percent 
was present. Twenty-one subjects (Group I) had no significant coro- 
nary artery disease with vessel narrowing of less than 50 percent. 
Twelve (Group Il) had single vessel disease and 17 (Group III) had dis- 
ease of two or more vessels. | 
The mean maximal heart rate during atrial pacing was 140/min and 
during exercise testing was 131/min. A positive atrial pacing test result i 
was obtained in 5 percent of patients in Group |, 17 percent of patients - 
in Group Il and 24 percent of patients in Group Ill. A positive multistage - 
treadmill exercise test result was obtained in 10 percent of patients in 
Group I, 67 percent of patients in Group Il and 94 percent of patients in 
Group Ill. These differences are statistically significant (P <0.001). 
The sensitivity of atrial pacing was 20 percent compared with 83 per- 
cent for multistage treadmill exercise testing. The specificity of atrial 
pacing was 95 percent compared with 90 percent for multistage tread- 
mill exercise testing. Thus, atrial pacing is an insensitive test in the di- 
agnosis of ischemic heart disease and does not improve the diagnostic 
value of multistage treadmill exercise testing. | 


Stress testing by means of atrial pacing has proved useful in investi- 
gating left ventricular performance in patients with coronary artery 
disease!-? and in inducing electrocardiographic manifestations of 
myocardial ischemia.*? For these reasons it has been utilized as a 
means of detecting coronary artery disease although a comparison of 
the relative diagnostic value of atrial pacing and exercise stress test- 
ing in a single population is not readily available. In this investigation. 
we studied atrial pacing and multistage treadmill exercise testing in 
patients with documented coronary artery disease in an attempt to 
compare the sensitivity and specificity of these two diagnostic tech- 
niques. 


Material and Methods 


Fifty consecutive patients referred to The George Washington University 
Medical Center for diagnostic evaluation constituted the population of the 
study. Twenty-eight were male and 22 female; their ages ranged from 30 to 68 
years. None had associated congenital or valvular heart disease. All patients 
underwent a complete physical examination, resting and exercise electrocar- 
diographic studies, cardiac catheterization with atrial pacing stress testing, 
coronary angiography and left ventriculography. Informed consent was ob- 
tained before each diagnostic procedure. Patients performed the exercise test 
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illustrating the results of atrial pacing and mul- 
ise in patients without significant coronary dis- 


8 hours preceding the cardiac catheterization 
ernight fast. 

ercise “protocol was similar to that described by 
aughton et alë Each subject performed a multistage 
eadmill. test on a motor-driven treadmill under continu- 
Js e ectrocardiographic monitoring to an end point of fa- 
gue or limiting chest discomfort or electrocardiographic 
anges indicative of myocardial ischemia. The treadmill 
speed was kept constant at 2 to 3 miles/hour and the grade 
loc by 3.5 percent every 2 minutes. A bipolar 











dn | durihg. the last 20 seconds of each minute during 
cise period and for 6 minutes in the recovery phase 
IA) rati of the test. Exercise capacity was re- 


tage. 
ia A here ntatib was performed after an over- 
ight fast and premedication with 100 mg of secobarbital 
30 mg of codeine intramuscularly. Complete right and 
eart catheterization was performed, and left ventricu- 
stolic pressure was recorded before and immedi- 
r the left ventricular injection. The Judkins or 






ries were od in ae oblique 

-and after sublingual administration of 
'cerin. The cineangiograms were obtained 
um camera and a 6- inch i image intensifier. 
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positioned under fluoroscopic control in 
im. The electrical current ranged be- 
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FIGURE 2. Bar graph illustrating the results of atrial pacing and mül- | * ; 
tistage treadmill exercise in patients with significant coronary artery mam 
disease (Groups Il and lil). o 


creased by 10 beats/min until the appearance of S~T seg-. 
ment depression diagnostic of myocardial ischemia or con- 
ductien defects or anginal symptoms incompatible with the ` 
continuation of pacing. | 
Stress test criteria: Exercise electrocardiograms and ` 
atrial pacing stress tests were reviewed by the investigators 
without prior knowledge of the angiographic findings. A. 
test result was considered positive if any of the sample 
tracings recorded during or after exercise or atrial pacing 
revealed S-T segment depression with an amplitude of C1... 
mv and a duration of 0.08 second or more. Only electrocar- |. 
diographic changes were used for diagnostic purposes in: 3 
this study. The sensitivity and specificity of each mode of... 
stress testing were determined as described by Holt et al” 
Sensitivity was calculated from the formula n/n X 100, 
where n; is the number of subjects with a positive test re- 
sult and no the number of subjects with coronary artery 
disease documented by coromary angiography. Specificity 
was determined by the formula n3/n4 X 100, where ng is the 
number of patients with negative stress tests and n4 the: 
total number of persons with normal coronary angiograms. 
Angiographic classification: The patients were classi- : 
fied into three groups on the basis of angiographic findings. ^: 
Group I was composed of 21 patients (mean age 45.5 years) ^ 
without significant coronary vessel obstruction. Of this- ed 
group, 18 had vessel narrowing of 0 to 25 percent, 2 had ^. 
narrowing of 25 to 50 percent, and only 1 had narrowing ef- 
50 to "5 percent in a single vessel. Group II consisted of 12-5 
patients (mean age 50.1 years) who had greater than 75 . 
percent narrowing in only one vessel. Group III was com- ^ 
posed of 17 patients (mean age 46.3 years) with diffuse cor- 
onary disease of greater than 75 percent vessel narrowing in 
at least two major vessels. "m 
Significant coronary vessel occlusion was considered = 
present if 75 percent narrowing was visualized in any pro- _ 
jection. Disease of the branches was attributed to the corre- 
sponding major vessels and these data were tabulated for . 
the right, main left, left anterior descending ane left cir 
cumflex coronary arteries. 2 
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TABLE I | 
Patients with Significant Coronary Artery Disease (Groups II and III) 





en Coronary Arterio (scale 4.5 Atrial Pacin Exercis T ti 
Gast Age (T) ronary Arteriography ( ) ri ing rcise Testing 


no. & Sex RCA MLA LAD LCx HR Result Chest Pain HR Result METS >` Symptoms 





Group II (Single Vessel Disease) 











1 57F 5 TAN 243 E. 150 — No 140 — 6 SB 

4 53F ais des 5 i$ 155 — Yes 146 — 5 SB 

5 37M MET X. 5 M 110 — Yes 100 + 6 Angina; 

SB 
20 54F 5 7e id wi 140 — No 108 T 3 Angina 
23 43M ste ar 5 ed. 155 — Yes 112 — 6 SB 
30 55M jv a. 5 A 150 — No 136 — 6 SB 
34 45F ^ eis cis 4 120 — Yes 150 + 6 Angina 
40 45F ces 5. 4 o 155 + No 131 + 3 Angina 
43 60F 5 | 150 — Yes 109 + 1.5 Angina 
45 46M 4 200 — No 120 + 3.5 Angina 
46 54M 5 ar $e T 130 ef Yes 110 + 6 SB 
47 52M 4 d ia M 110 — Yes 110 + 4 SB 
Group III (Multivessel Disease) 

2 51M 5 4 4 5 110 — No 130 + 6 SB 

8 40M 4 5 4 130 — No 100 + 5 Fatigue 

9 45M 5 4 4 140 — No 150 + 6 Angina 
10 43M 5 dies 5 5 155 T Yes 111 + 2 Angina 
12 33M 5 4 5 pe 155 — No 176 + 10 None 
13 42M 5 4 5 140 — No 120 + 5 Angina 
15 42M 5 5 4 110 =- No 160 + 8 None 
16 42F 5 5 110 + Yes 86 — 2.5 Fatigue, 

SB 

17 41M 5 5 5 150 — No 150 + 8 $B 

18 50M 5 4 150 — Yes 146 + 7 Angina 
26 68F 4 4 150 + Yes 100 + 2.5 Fatigue 
29 44M 5 5 155 — No 138 + 7 SB 

32 47M 4 5 i 150 — No 109 + 4 Angina 
35 48M 4 4 150 -= Yes 142 + J Fatigue 
36 43F 4 obs 4 4 140 — Yes 160 + 8 None 
37 50M ~ id 4 4 150 + Yes 116 + 5 Angina 
38 59M 5 ead 4 A 140 — Yes 131 + 5 Fatigue 





— = negative test results; + = positive test results. 


5 = coronary arterial luminal narrowing greater than 95 percent; 4 = coronary arterial luminal narrowing of 75 to 95 percent; HR= 


heart rate (beats/min); LAD = left anterior descending coronary artery; LCx = left circumflex artery; METS = metabolic equivalents 
(exercise capacity); MLA = main left coronary artery; RCA = right coronary artery; SB = shortness of breath. 


of each form of stress testing. The mean maximal percent) had a positive response to an atrial pacing - 
atrial pacing rate was 140 beats/min and the maximal test, and eight (61 percent) had a diagnostic ischemic 
heart rate obtained during exercise averaged 131 response during exercise (chi square = 6.2, P <0.02) - 
beats/min. This difference is not statistically signifi- (Fig. 2). The left anterior descending artery was ab- 
cant (t = 2.29, 0.5 > P > 0.02). normal in 7 of the 12 patients, the right coronary ar- 
Group I: In this group of 21 subjects without sig- tery in 4, and the left circumflex artery in 1 (Table I). - 
nificant coronary occlusive lesions, the mean atrial Group III: In these 17 patients with multivessel — 
pacing rate was 138 beats/min and the peak exercise disease, the mean maximal atrial pacing rate was 140 © 
heart rate averaged 136 beats/min (t = 0.347, not sta- beats/min, and the mean maximal heart rate during 
tistically significant). Twenty of these patients (95 exercise was 131 beats/min (difference not signifi- — 
percent) had negative results in exercise and atrial cant; t = 1.4). Results of the atrial pacing test were 
pacing stress tests (Fig. 1). positive in 4 patients (24 percent); the multistage - 
Group II: These 12 patients with single vessel dis- treadmill test was diagnostic in 16 (94 percent) (chi 


ease demonstrated mean maximal atrial pacing and square = 13.4, P <0.001) (Fig. 2). The right coronary 


peak exercise heart rates of 144 and 123 beats/min artery or left anterior descending branch was in- ~ 
respectively (t = 2.71, P = 0.02). Two subjects (17 volved in 16 of 17 cases and the main left coronary - 


4 
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FIGURE 3. Scattergram displaying peak atrial pacing and exercise heart rates for the three study groups. NEG = negative; POS = positive. 


artery in 2 (Table I). No correlation was observed be- 
- tween the severity of disease or number of vessels in- 
_ volved and the results of the stress test. 
Comparison of results: Atrial pacing stress test- 
ing revealed a sensitivity of 24 percent compared 
- with 83 percent for the multistage treadmill exercise 
test. This difference in sensitivity for the two modes 
of testing is statistically significant (chi square = 
23.5, P <0.001). The two stress tests had comparable 
specificity, 95 percent for atrial pacing and 90 per- 
cent for multistage exercise testing. 

The maximal heart rates for each clinical group 
and for patients with positive or negative test results 
"were compared. In one patient (Case 16, Group III) 
with positive results on the atrial pacing test and 
negative results on the exercise test, the maximal 
heart rate achieved was 110 and 86 beats/min, re- 
“spectively. The exercise had to be terminated be- 
cause of fatigue and shortness of breath, and the pa- 
tient's exercise capacity was limited to 2.5 METS. 
Analysis of the data in patients with positive exercise 
test results and negative pacing test results revealed 
a peak pacing rate of 139 + 21 and a peak exercise 
heart rate of 132 + 22 beats/min (t = 1.02, P not sig- 
nificant). No statistically significant differences 
could be established between heart rates during exer- 
cise and pacing and negative or positive test results 
(Fig. 3). 


Discussion 
Atrial pacing is a well established diagnostic car- 
diologic procedure, now principally utilized in clinical 
electrophysiologic studies.9-1? The work of Linhart et 


al?! and others!!? has demonstrated that atrial 
pacing can also be of value in the assessment of left 
ventricular function and the extent of myocardial im- 
pairment in patients with coronary artery disease. 
Studies by Sowton et al.,4 Linhart? and Lau et al.5 
have demonstrated that the ischemic myocardium re- 
sponds to atrial pacing with S-T segment depression 
similar to that observed during exercise stress test- 
ing. Despite these studies and because of various 
methodologic differences, insufficient data are avail- 
able to define how well atrial pacing compares with 
exercise stress testing in the electrocardiographic di- 
agnosis of myocardial ischemia. 

The poor diagnostic sensitivity demonstrated by 
atrial pacing in our study indicates that this tech- 
nique cannot be considered a practical method of de- 
tecting myocardial ischemia. In this respect, its low 
sensitivity compares unfavorably with that of multi- 
stage exercise testing, as observed by us and other in- 
vestigators.!? 

Angina induced by testing: The chest pain in- 
duced by atrial pacing has received considerable at- 
tention and has proved a helpful diagnostic aid when 
its clinical characteristics are similar to those of the 
anginal syndrome. We did not concentrate on the 
presence or characteristics of chest pain during pac- 
ing since our primary concern was the electrocardio- 
graphic response to the test. However, chest pain oc- 
curred more commonly than an ischemic electrocar- 
diographic response,!* appearing during atrial pacing 
in 58.3 percent of patients with single vessel disease 
(Group II) and 40.1 percent of patients with multiple 
vessel disease (Group III). Although the factor of 


664 November 1974 The American Journal of CARDIOLOGY Volume 34 


ATRIAL PACING VS. EXERCISE TESTING—RIOS AND HURWITZ 


ble. Prolongation of the P-R interval frequently in- | 
duces reentry beats and the reentrant P wave tends - 
to be located in the S-T segment, thereby rendering - 
further electrocardiographic interpretation of ven- . 


chest pain increases the sensitivity of the atrial pac- 
ing test, it reduces its specificity since chest pain 
also occurs in patients without coronary disease (23.8 
percent of patients in Group I). 


Hemodynamic effects of atrial pacing vs. exer- 
cise testing: Atrial pacing and exercise testing result 
in similar values for myocardial oxygen consumption 
and triple product (heart rate X systolic blood pres- 
sure X systolic ejection period) when data are com- 


tricular repolarization impossible. 

A problem commonly associated with atrial pacing | 
is the appearance of atrioventricular and intraven- 
tricular block of various degrees. The former is a well 
known phenomenon and commonly presents as 


Wenckebach periodicity. Its occurrence not only will | 
limit the ventricular rate, but also will result in. 
abrupt, beat to beat hemodynamic changes that may : 
affect ventricular repolarization in an undetermined - 
manner. If 1:1 conduction is preserved, small but 
abrupt increments in rate immediately affect the pre- - 
ceding cycle length-coupling interval relation and 
may induce various degrees of aberrant intraventric- - 
ular conduction. The degree of abnormality in ven- 
tricular depolarization may be minimal and go unrec- - 
ognized if a single lead such as V5 is utilized. How- 
ever, changes in ventricular depolarization will in- 
duce secondary abnormalities in ventricular repolari- 
zation and will invalidate the interpretation. For 
these reasons, during atrial pacing stress testing it is" 
recommended that multiple leads be recorded simul- 
taneously and that careful attention be paid to. 
changes in the QRS configuration to assure that ven- - 
tricular repolarization is not affected by minimal. 
changes in QRS activation. | 
Clinical implications: Our data are quite similar. 
to those reported by Linhart et al.!^ and, for the 


pared at an end point of anginal pain.^!^ The dis- 
crepancy between these observations and the re- 
duced ability of atrial pacing to cause an ischemic 
electrocardiographic response is probably due to dif- 
ferences in the hemodynamic effects of the two test- 
ing methods. During active exercise and in the imme- 
diate postexercise state, systolic arterial pressure in- 
creases! and augmented left ventricular end-diastol- 
ic pressure is noted in patients with coronary artery 
disease.!-16 These findings indicate that left ventricu- 
lar compliance is altered!6 and myocardial wall stress 
is also augmented. In contrast, during the pacing pe- 
riod, left ventricular end-diastolic pressure de- 
creases,!:!5 systemic systolic pressure fails to aug- 
ment significantly! and end-diastolic volume de- 
creases.!’ As a result of these hemodynamic derange- 
ments, the myocardial wall tension and stress of com- 
parable heart rates may be lower during pacing than 
during exercise. Thus, during atrial pacing subendo- 
cardial layers of the hypoperfused myocardium un- 
dergo less stress than during exercise and fail to ex- 
hibit signs of myocardial ischemia. 


Factors affecting interpretation of atrial pacing 
test: The value of the atrial pacing stress test is limit- 
ed by several factors directly related to the electro- 
cardiographic recordings during the pacing period. In 
stress electrocardiography an adequate and stable 
base line is essential for accurate interpretation and 
the P-R segment is most commonly used for this 
purpose. However, the P-R segment, as well as the 
S-T segment, is greatly influenced by atrial T waves 
and these waves can in turn be affected by the posi- 
tioning of the pacing electrode. If P-R segment eleva- 
tion, a manifestation of abnormal atrial repolariza- 
tion, is present, it may extend into the S-T segment 
and may cancel out S- T segment depression of diag- 
nostic significance. 

Another factor that may affect interpretation of 
the stress electrocardiogram during atrial pacing is 
the change in the P-R interval consistently observed 
when rates are increased. This P-R interval prolon- 
gation tends to displacé the pacemaker spike and the 
ectopic P wave to the preceding T wave, S-T seg- 
ment or J junction of the preceding QRS complex. 
Proper interpretation of the electrocardiogram under 
these circumstances is difficult and at times impossi- 


heart rates utilized, are also comparable to those re- 
ported by Kelemen et al,!^ who studied their pa- 
tients within 1 week after cardiac catheterization. 
These similarities are encouraging and imply that the 
pharmacologic and hemodynamic variables incorpo- 
rated during the cardiac catheterization in our study 
did not greatly influence the results. | 

We conclude that, although atrial pacing is a valu- 
able tool in the hemodynamic assessment of ventricu- 
lar dysfunction, its application to the diagnosis of 
myocardial ischemia is limited. Multistage treadmill 
exercise testing has a much higher sensitivity and 
comparable specificity and can be performed with 
minimal risk. The addition of atrial pacing to the di- 
agnostic protocol fails to improve the sensitivity of 
exercise electrocardiography. 2 
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Although previous studies have suggested that accelerated idioven- 
tricular rhythm rarely coexists with paroxysmal ventricular tachycar- - 
dia, this relation has not been systematically evaluated in acute myo- - 
cardial infarction. To examine this relation, the frequency and charac- - 
teristics of the two arrhythmias were analyzed by performing 24 hour 

Holter monitoring during the initial 24 hours of acute myocardial infarc- 

tion in 52 successive patients. Twenty-four of these patients had docu- 
mented accelerated idioventricular rhythm; 28 patients did not. Parox- 
ysmal ventricular tachycardia occurred in 83 percent of patients with - 
accelerated idioventricular rhythm but in only 18 percent of patients - 
without this arrhythmia (P «0.001). The results remained at the same 

level of significance whether paroxysmal ventricular tachycardia was 

defined by rates greater than 100, 120 or 140 beats/min. These find- 

ings suggest that accelerated idioventricular rhythm complicating | 
acute myocardial infarction is not always benign and is frequently as- 

sociated with more serious forms of ventricular arrhythmia. 


The electrical instability accompanying acute myocardial infarction 
predisposes to the development of ectopic ventricular arrhythmias,! 
which are generally divided into two types: (1) paroxysmal ventricu- 
lar tachycardia, and (2) accelerated idioventricular rhythm. Defini- 
tive diagnosis of the ventricular origin of idioventricular rhythm was 
made possible by Damato et al.? using the technique of His bundle 
recording, and the frequency of this arrhythmia in acute myocardial 
infarction was reported by Rothfeld et al.? Although accelerated idio- 
ventricular rhythm is usually considered a result of increased auto- 
maticity accompanying myocardial infarction, paroxysmal ventricu- 
lar tachycardia is most commonly thought to be due to a reentry 
mechanism triggered by a premature ventricular contraction.*? Pre- 
vious reports? have indicated that these two forms of ventricular ar- 
rhythmia rarely coexist in the same patient with acute myocardial in- 
farction. This study was designed to reevaluate the frequency and 


characteristics of these two forms of ventricular arrhythmia during: 


the initial stages of acute myocardial infarction. | 


Material and Methods 


The study group was drawn from all patients admitted to the coronary 
care unit of the Little Rock Veterans Administration Hospital between Sep- 
tember 12, 1972 and November 9, 1973 within 24 hours of the onset of pro- 
longed chest pain suggestive of acute myocardial infarction. In all, 24 hour 
tape recordings of cardiac rhythm with use of the Holter monitoring system 
were obtained soon after admission. The 52 men (average age 52 years, range 
24 to 73 years) who subsequently manifested the criteria for the diagnosis of 
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Frequency of paroxysmal ventricular tachycardia (PVT) 
n and without accelerated idioventricular rhythm 


ute myocardial infarction comprised our study group. 
hese criteria were: (1) development of abnormal Q waves 
1 or without evolutionary changes in S-T segments and 
waves, and (2) characteristic rise and fall of serum glu- 
mic oxaloacetic transaminase (SGOT) and lactic dehy- 
drogenase (LDH) levels. The patients excluded from this 
study were: (1) those whose symptoms requiring hospitali- 
i zation began more than 24 hours before admission, (2) one 
jatient who required temporary transvenous pacing during 
ie period of tape recording, and (3) one patient who died 
ca diogenic shock in the first 6 hours of recording. A 
modified V; lead was used during all recordings. 

E tal records were reviewed for: (1) age, (2) location 
nfarction, (3) the presence of hypotension and shock, 
"estive heart failure, arterial blood gas or electrolyte ab- 
rmalities, (4) drug therapy, and (5) in-hospital clinical 
urse after myocardial infarction. Routine management of 
e patients with antiarrhythmic or analgesic drugs was 
altered during the period of recording. 

ape recordings were analyzed using the Avionics 
'ecardioScanner, and the foliowing information was 
for each patient: (1) the number of episodes of 
ysmal ventricular tachycardia, defined as three or 
beats of ventricular origin with QRS com- 
ian 0.12 second in duration at a heart rate 
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Results. 


Of 24 patients with accelerated idigvenizicatar 
rhythm, 20 (83 percent) had paroxysmal ventricular | 
tachycardia documented during the same 24 hour pe- - 
riod (Fig. 1). In direct contrast, of 28 patients without 
accelerated idioventricular rhythm, only 5 (18 per- 
cent) had paroxysmal ventricular tachycardia during — 
the same 24 hour period (P «0.001). 

Of the 20 patients with both paroxysmal ventricu- 
lar tachycardia and accelerated — idioventricular 
rhythm, 15 had at least one instance in which the 
QRS configuration and T wave orientation appeared | 
similar during both forms of arrhythmia (Fig. 2): 


Where the QRS forces displayed by the episodes of . 
paroxysmal ventricular tachycardia were totally dif- —. 
ferent from those during the episodes of accelerated 

idioventricular rhythm in the same patient, differen- 


tial diagnosis between paroxysmal ventricular tachy- 


cardia with exit block and accelerated idioventricular ©: 


rhythm was not necessary. In the 20 patients with © 
both arrhythmias, a total cf 216 instances were iden- 


tified where the QRS configuration during each form cu 


of arrhythmia was identical; in 26 instances the ratio 


of paroxysmal ventricular tachycardia to accelerated | us 
idioventricular rhythm was approximately 2:1 (be- . x 
tween 1.8 to 2.2:1). However, in only one instance was 
this an exact multiple of 2:1. Sixteen instances of an. 


approximate ratio of 3:1 (2.8 to 3.2:1), four instances _ 
of an approximate ratio of 4:3 (1.31 to 1.35:1) and 

seven instances of an approximate ratio of 5:4 (1.23 to 
1.27:1) were observed. No exact multiples occurred in 
these latter 27 instances. Only in two patients were 
all the episodes of paroxysmal ventricular tachycar- 
dia and accelerated idioventricular rhythm approxi- 
mate multiples of each other. In these two patients a 


total of two episodes of accelerated idioventricular. . 
rhythm and three episodes of paroxysmal ventricular |. 


tachycardia were noted during the period of observa- 
tion. 


The mean coupling interval of the premature ven-. gue 
tricular contractions initiating all 73 episodes of par- |. 
oxysmal ventricular tachycardia was 0.59 + 0.19 sec- © > 
ond (mean + standard deviation) (Table D. This ^ 
value was significantly shorter than the mean cou- 


pling interval of the premature ventricular contrac- . 
tions initiating all 113 episodes of accelerated idio- -` 
ventricular rhythm (0.71 + 0.18 second) (P «0.0005).- 
The mean heart rate immediately preceding 73 ep- — 
isodes of paroxysmal ventricular tachycardia was 79 > 
+ 19 beats/min. The mean heart rate immediately. 
iren i 113 sear ud accelerated i) Tee 





























IGURE 2. Episodes of accelerated idioven- 
'icular rhythm and paroxysmal ventricular 
achycardia with similar QRS configurations ob- 
-served in the same patient. 












.- celerated idioventricular rhythm; in 9 patients the 
order was reversed; and in 5 the arrhythmias oc- 
|. eurred in random order during the period of observa- 
tion. 
< Anterior wall myocardial infarction was present 
-in 41 percent of the patients with and in 43 percent of 
those without accelerated idioventricular rhythm. In- 
_ ferior wall myocardial infarction was present in 59 
percent of patients with and in 57 percent of patients 
| without accelerated idioventricular rhythm. 
_.. The total mortality rate in this group of 52 pa- 
.— tients was 13.5 percent. Only two of the seven deaths 
were sudden, and both of these occurred in the 3rd 
. week after myocardial infarction. Four of the seven 
deaths occurred in patients who had had accelerated 
idioventricular rhythm or paroxysmal ventricular 
tachycardia during their initial period in the coro- 
“nary care unit. 
The antiarrhythmic and digitalis therapy re- 
^. ceived by the patients with accelerated idioventricu- 
—.- lar rhythm was not significantly different from that 
received by patients without this arrhythmia. 


Discussion 


^. .;'fhe results of our study show that accelerated id- 

.^ joventricular rhythm and paroxysmal ventricular 

tachycardia frequently coexist in the same patient 

^i. gince 78 percent of patients with accelerated idioven- 

“tricular rhythm also manifested paroxysmal ventric- 
-> ular tachycardia during the initial 24 hours of acute 
^ myocardial infarction. Previously, such coexistence 

"has been reported to be uncommon.5 

- Accelerated idioventricular rhythm vs. ven- 
-tricular tachycardia with exit block: We consid- 
red the possibility that accelerated idioventricular 
rhythm may represent paroxysmal ventricular tachy- 
cardia with exit block on the premise that the two 
arrhythmias may have an identical QRS configura- 
ion and the rate of the tachycardia may be a multi- 
le of the rate of the idioventricular rhythm. In only 
of the 20 patients who had both forms of arrhyth- 
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tricular rhythm and three episodes « 
ventricular tachycardia, does not change 
cal significance and conclusions of oui 
tional evaluation with multiple lead 1! 
needed to determine the incidence and ck 
tics of paroxysmal ventricular tachycard 
block in acute myocardial infarction. |— = 
Reentry vs. escape mechanism due to enhance 
automaticity: The mean coupling intervals of 
premature ventricular contractions initiating par 
ysmal ventricular tachycardia were significan 
shorter than those of the premature contractions 
tiating accelerated idioventricular rhythm. I 
therefore possible that in most instances the episod 
of paroxysmal ventricular tachycardia obs 
our patients were due to reentrant mechanis 
triggered by premature ventricular contractions 
whereas the majority of episodes of accelerated id 
ventricular rhythm were escape mechanisms due 
enhanced automaticity accompanying myocardial iz 
farction. These conclusions must remain speculatis 
since the exact mechanisms of these two forms of 
rhythmia are still the subject of controversy. _ 


* 


Heart rate: The mean heart rates immediat 
preceding paroxysmal ventricular tachycar 
not significantly different from. those immediate 
preceding accelerated idioventricular. rhythm. 'Th 
finding suggests that both arrhythmias can 
similar basic heart rates during the early pl 
acute myocardial infarction. (rg 























TABLE I 


Mean Coupling Intervals of Premature Vent 
Contractions (PVCs) and Sinus Rates Preced 
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| Accelerated idioventricular — 


|. ACCELERATED IDIOVENTRICULAR RHYTHM IN MYOCARDIAL INFARCTION—de SOYZA ET AL. 


Our data also suggest that it is not possible to de- 
termine whether accelerated idioventricular rhythm 
is a precursor of or the end stage of paroxysmal ven- 
tricular tachycardia. The two arrhythmias could 
clearly precede or follow each other or occur in hap- 
hazard order during the initial stages of an acute 
myocardial infarction. 

Location of infarction: Accelerated idioventricu- 
lar rhythm has been more commonly associated with 
inferior than with anterior wall myocardial infarc- 
_ tion.? However, in our series, the ventricular arrhyth- 
. mia occurred nearly as often in patients with anterior 
. myocardial infarction as in those with inferior infarc- 
tion. 

Definition based on rate: In our study, paroxys- 
mal ventricular tachycardia was defined as three or 
more successive premature ventricular contractions 
_at a heart rate greater than 120 beats/min.^ However, 


whether one uses rates greater than 100 beats/min or 
140 beats/min for ventricular tachycardia as com- 
pared with rates of 60 to 100 or 60 to 140 beats/min 
for accelerated idioventricular rhythm, the results 
and conclusions of this study remain significant at 
the P «0.001 level. 

Implication: Our data show that accelerated idio- 
ventricular rhythm frequently coexists with paroxys- 
mal ventricular tachycardia in the early phases of 
acute myocardial infarction and suggest that patients 
with infarction demonstrating accelerated idioven- 
tricular rhythm should be monitored closely for more 
serious forms of ventricular arrhythmia. 
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Blood pressure and plasma renin activity and concentration were stud- 
ied before and during administration of alpha methyldopa to normal 
and hypertensive subjects. Methyldopa produced no significant de- 
crease in renin levels and caused only inconsistent changes in blood 
pressure in subjects with normal pressure, patients with low renin es- 
sential hypertension regardless of severity, or patients with normal 
renin essential hypertension of mild degree. In contrast, a significant 
reduction in blood pressure and marked lowering of plasma renin lev- 
els were observed after administration of methyldopa in patients with 
normal renin essential hypertension of moderate to severe degree and 
in those with hypertensive terminal renal failure. In moderate to severe 
essential hypertension, methyldopa-induced decreases in blood pres- 
sure and plasma renin activity were significantly correlated. These 
data are consistent with the possibility that the hypotensive action of 
methyldopa may be partially related to its effect on the renin-angioten- 
sin system. They also lend support to the value of plasma renin deter- 
minations in selecting appropriate antihypertensive drugs for individual 
patients. | 


Current evidence indicates that certain forms of arterial hypertension 
may be at least partly due to inappropriate activity of the renin-an- 
giotensin system.!-> In addition, hypertensive subjects with normal 
or increased circulating renin have recently been reported to have 
greater cardiovascular morbidity and mortality than those with low 
renin activity. It is therefore important to ascertain the effects of the 
commonly used antihypertensive drugs on the renin-angiotensin sys- 
tem. 

The reduction in blood pressure induced by methyldopa has usual- 
ly been ascribed to interference with sympathetic activity,’-!° but the 
mechanism has not been completely clarified. Limited data in man 
have suggested that methyldopa also has an inhibitory effect on cir- 
culating renin activity.?!! This study was undertaken to evaluate 
prospectively the effects of methyldopa on blood pressure and plasma 
renin levels in normotensive and hypertensive subjects. | 


Materials and Methods 
Case Material 


Normal subjects: This group of normal volunteers consisted of five 
women and four men, ranging in age from 20 to 45 years. All subjects were in- 
structed to maintain their usual sodium intake, which ranged from 60 to 25€ 
mEq/day. Body weight and blood pressure were monitored twice daily. Eacl 
subject served as his own control, with the following studies conducted before 
and after the oral administration of methyldopa, 1 g daily, for 10 to 14 days 
24 hour urinary sodium and potassium and creatinine clearance, and hourly 
determinations of body weight, blood pressure, plasma sodium and potassi; 
um, plasma renin activity, serum renin concentration and urinary sodium 
potassium and creatinine clearance (1) at 9:00 AM, after 1 hour in the supint 
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a | 
1 70.73 
3 70.33 
4 69.87 
5 69.42 


approx. 1.2 mg/kg body weight. 


| before | 
after Methyidopa 


3k P<0.05 
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ition, e at 10: 00 AM, after 1 hour in the upright posi- 
ion, and (3) after 1, 2 and 3 hours of continued upright 
posture following the oral administration of furosemide, 1.2 
body weight, at 10:00 AM. 
tients with hypertensive terminal renal failure: 
group consisted of eight patients with hypertensive 
inal renal failure undergoing long-term hemodialysis 
se pla ima renin. activity was at high normal (two pa- 
elevated (six patients) levels. The patients' ages 
m 22 to 50 years. Administration of antihyper- 
as discontinued 10 to 14 days before control 
re obtained, except in one patient with 
tension (4 days). 
were carried out before and after 14 days 
rally administered methyldopa, 1 g/day. 
lood pressure, plasma sodium, potassium 
na tivity were measured (1) before hemo- 
ióur in the supine position (eight patients); 
pb aer 1 hour i in the uprigat ina 
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dates or papilledema (Keith-Wagener-Barker grades 3 and d 
4) or with heart failure were included. Forty-five of the 48- f 
patients had normal plasma creatinine levels (1.3 mg/100. - 


ml or less); three patients with a long history of essential . 


hypertension had values ranging from 1.5 to 2.5 mg/100 ml. < 
Administration of all antihypertensive drugs and diuretic E 
agents was discontinued at least 2 weeks before the studies. . 
Patients were stratified by severity of blood pressure . 
into those having mild (diastolic blood pressure 90 to 95 
mm Hg or mean blood pressure less than 115 mm Hg, or 
both) and moderate to severe essential hypertension (diaz 
stolic blood pressure 96 mm Hg or more and mean blood ^ 
pressure 115 mm Hg or more). In addition, they were cate- 
gorized into renin subgroups on the basis of urinary sodium 
excretion values. For statistical purposes, an equal num- 
ber of patients with low and normal renin levels were ran- . 
domly selected in each category of hypertension. Thus, . 


there were 9 patients with low and 9 with normal renin lev- 
els in the group with mild hypertension and 15 of each - 


renin subcategory in the group with moderate to severe hy- E 
pertension. 

Studies were carried out before and after 2 and 4 weeks 
of treatment with orally administered methyldopa, 1 g/day 
for the first, and 2 g/day for the second 2 week period. 
Twenty-four hour sodium end potassium excretion and 
creatinine clearance levels were measured before each test. 
On the study days, body weight, blood pressure, plasma so- 
dium, potassium, plasma renin activity and serum renin ~ 
concentration were determined between 9:00 and 11:00 AM 
after the patients had spent 1 hour in the upright position. . 


Methods | 
Blood pressure measurements were obtained with stan- 


dard pressure cuff and sphygmomanometer. The pressure. _ 
at the disappearance of the Korotkoff sounds was taken as. 
diastclic blood pressure. Each blood pressure recording was = 


the mean of three readings. 

Plasma renin activity and serum renin concentration 
were measured by radioimmunoassay, using modifications 2 
of the methods of Haber et al.!2 and Gould et al.,!3 respec- — 


tively. The normal ranges of plasma renin activity aBd 


serum renin concentration in this laboratory are based B 


upon 125 studies in healthy volunteer subjects in metabolic. PE 
balance ingesting 10 to 270 mEq of sodium daily. Under ... 
these circumstances, values for plasma renin activity and. © 


serum renin concentration parall 3 





ed. each other, and, aig 


oncentratioi 







ratory flame photometer, plasma and urinary creatinine 
levels with the Technicon autoanalyzer. 


Results 
Normal Subjects 


In normal subjects (Fig. 1, Table I), methyldopa 
resulted in no significant changes in blood pressure 
or plasma renin activity or serum renin concentra- 
tion, except for decreased blood pressure and in- 
creased renin levels during studies in the upright po- 
sition before and 1 hour after administration of furo- 
semide. Body weight increased approximately 1 kg 
during treatment with methyldopa. Before and after 
administration of methyldopa the furosemide-in- 
duced diuresis resulted in identical weight losses of 
0.5 kg/hour. Methyldopa had no significant effect on 
serum or urinary sodium and potassium excretion or 
creatinine clearance, either before or during furosem- 
ide diuresis. 


Hypertensive Terminal Renal Failure 


Methyldopa induced consistent significant de- 
creases (P «0.005) in plasma renin activity levels de- 
termined in the supine and upright positions before 
dialysis and in the supine position after dialysis (Fig. 
2); changes in serum renin concentration measured in 
four of these patients paralleled those in plasma 
renin activity. There was no consistent change in 
body weight or plasma sodium and potassium after 
administration of methyldopa. However, mean blood 
pressure decreased significantly under all study con- 
ditions: supine predialysis 22.3 + 3.4 mm Hg (mean 
+ standard error; P <0.001); upright predialysis 28.8 
+ 6.3 mm Hg (P <0.05); and supine postdialysis 16.8 
+ 4.5 mm Hg (P «0.05). 


Essential Hypertension 


Plasma renin (Fig. 3): Under control conditions, 
mean upright plasma renin activity in the 15 patients 
with normal renin hypertension of moderate to se- 
vere degree was not significantly different from that 
of the 9 patients with normal renin hypertension of 
mild degree. However, in these normal renin 
subgroups, serum renin concentration was signifi- 
cantly lower in mild than in moderate to severe hy- 
pertension (P «0.05). 

Methyldopa induced significant decreases of renin 
levels (P «0.01) only in patients with normal renin 
hypertension of moderate to severe degree. Mean 
plasma renin activity and serum renin concentration 
decreased from control levels of 515 + 59 and 29.3 + 
3.1 ng/100 ml, respectively, to 284 + 31 and 18.7 + 
3.4 ng/100 ml, respectively, after 2 weeks of treat- 
ment with methyldopa; and to 204 + 26 and 15.7 + 
3.4 ng/100 ml, respectively, after 4 weeks of treat- 
ment. No significant changes were observed in any of 
the other patient subgroups. 

Blood pressure (Fig. 4, Table II) The pattern of 
changes in blood pressure after administration of 
methyldopa resembled the changes in plasma renin. 


METHYLDOPA IN HYPERTENSION—WEIDMANN ET AL. 
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FIGURE 2. Plasma renin activity levels before and after administra: 
tion of methyldopa in eight patients with hypertensive terminal renal 
failure. The solid lines connect corresponding control values with 
those measured after treatment with methyldopa; the broken lines 
connect results of individual patients who underwent all study condi- 
tions. A = after methyldopa; A.D. = after dialysis; B = before meth- 
yldopa; B.D. = before dialysis. 


i 
t 









> LOW-RENIN NORMAL-RENIN 
m 600 | | 
2 | | 
Dr 500 | 
- | 
9 400 | | 
ZE | 
Z 
£o 300 | 
r o d | - 
M O 
s? : 
0 100 | 
L o 
Z 40 
ZO, 
ZĘ 30 
rro 
© 
es 
2 Z E 20 ; 
Sut 
+5 
* 
O 
o 
O 2 4 O 2 4 
WEEKS WEEKS 


FIGURE 3. Effect of methyldopa on plasma renin activity and serur 
renin concentration in 48 patients with essential hypertension. Ope 
triangles (low renin subgroup) and open circles (normal reni 
subgroup) represent patients with mild hypertension; black triangle 
(low renin subgroup) and black dots (normal renin subgroup) repre 
sent patients with moderate to severe hypertension. Asterisks ind 
cate significant (P « 0.01) decreases compared with control values. 
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mal renin subgroup with moderate to severe hyper- . 
tension (mean increase 1.23 versus 0.56 kg in the 
other three groups). In patients with essential hyper- - 
tension, methyldopa had no significant effects on 
plasma or urinary sodium and potassium excretion or 
creatinine clearance. 

Statistical analysis of data: Muitiple regression 
analysis was performed with (1) methyldopa-induced 
changes in plasma renin activity or serum renin con- 
centrations as dependent variables, and changes in 
blood pressure, body weight, plasma sodium concen- 
tration, plasma potassium concentration, urinary so- 
dium excretion, urinary potassium excretion and cre- 
atinine clearance as independent variables; and (2) 
changes in supine or standing mean blood pressure as 
dependent variables, and changes in plasma renin 
levels, body weight, plasma and urinary electrolytes 
and creatinine clearance as independent variables. 
The following findings were noted: 

In patients with moderate to severe hypertension, 
none of the measured variables other than blood 
pressure and renin levels appeared to be of primary 
importance in the multiple correlation. Thus, 
changes in body weight, plasma and urinary electro- 
lytes and creatinine clearance did no: appear to play 
a major role in mediating the methyldopa-induced 
changes in plasma renin levels and blood pressure. In 
contrast, significant positive correlations could be 
demonstrated between methyldopa-induced alter- 
ations in plasma renin activity and changes in supine 
(r = 0.52; P «0.01) or standing (r = 0.56; P <0.01) 
blood pressure and between the changes in serum 
renin concentration and the changes in supine (r. — 
0.46; P «0.05) or standing (r = 0.38; P <0.05) blood 
pressure. 

Since in the patients with mild hypertension none 
of the measured b ob ue Ven d bry arias after 2 
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Discussion 

Some studies have suggested that the widely used 
antihypertensive drug methyldopa may also inhibit 
renin secretion.*:!! In our investigation the effects of 
methyldopa on plasma renin levels and blood pres- 
sure varied considerably among study groups, which 
included normal subjects, patients with hypertensive 
terminal renal failure and patients with essential hy- 
pertension; the latter group was stratified by plasma 
renin activity into low or normal, and by severity of 
hypertension into mild and moderate to severe 
subgroups. Methyldopa did not decrease renin levels 
and caused only minimal and inconsistent decreases 
in blood pressure in the nine normal subjects who 
were studied in the supine and upright postures as 
well as during renin stimulation by furosemide-in- 
duced volume depletion. Our results differ from the 
data in a prior report of only one hypertensive and 
four healthy subjects, in which consistent decreases 
of plasma renin activity were described during ad- 
ministration of methyldopa.!! We also found no ap- 
parent renin inhibition and only small decrements in 
blood pressure after treatment with methyldopa in 
patients with low renin essential hypertension re- 
gardless of severity and normal renin essential hyper- 
tension of mild degree. In contrast, methyldopa sig- 
nificantly decreased plasma renin activity and serum 
renin concentration as well as blood pressure in pa- 
tients with normal renin essential hypertension of 
moderate to severe degree as well as in patients with 
high renin levels and hypertensive terminal renal 
failure. 

Mechanism of methyldopa-induced lowering of 
renin levels: Lowered renin levels during adminis- 
tration of methyldopa could be due to several possi- 
ble mechanisms. Overhydration is known to suppress 
renin secretion.'* Although volume factors may have 
contributed to the renin inhibition seen in some pa- 
tients, fluid retention was probably not of primary 
importance. This conclusion is supported by the ab- 
sence of significant differences in mean methyldopa- 
induced weight gain among the various study groups 
despite different patterns of renin response and the 
absence of a statistical correlation between changes 
in body weight and plasma renin levels. Hyperkale- 
mia has also been shown to decrease plasma renin ac- 
tivity.! However, there were no significant changes 
in plasma potassium after administration of methyl- 
dopa. Decreases in plasma renin activity could theo- 
retically also be due to a reduction in either renin 
substrate or the reaction velocity of the renin-renin 
substrate reaction.!6 These possibilities can be large- 
ly ruled out by the parallel changes in both plasma 
renin activity and serum renin concentration. 
Changes in renal hemodynamics are known to influ- 
ence renin secretion.!^!? [n contrast to many other 
antihypertensive drugs, methyldopa has been re- 
ported to cause decreased renal vascular resistance 
with an unchanged or even increased renal blood 
flow.?19.2? Since renal hemodynamics were not mea- 
sured, this mechanism of methyldopa-induced inhi- 
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bition of renin release cannot be ruled out in our - 
study. A direct effect of methyldopa on the juxtaglo- — 
merular apparatus is unlikely because of the absence X 
of a renin-inhibiting effect in our normal subjects 


and patients with mild essential hypertension, and 
the more direct documentation of unimpaired renin 


release during controlled reduction of renal perfusion 


pressure in dogs treated with methyldopa.?! 
Several lines of evidence favor the possibility that 
the action of methyldopa on renin release may be due 


to its known interference with sympathetic nervous : 


activity.’-19?2-25 The sympathetic nervous sys- 


tem?9?7 and the catecholamines2!2%:29 have been - 


shown to play an important role in the control of 


renal renin secretion, probably through stimulation | 


of beta adrenergic receptor sites.?7.30 


Correlation of changes in blood pressure and — 
renin activity after treatment with methyldopa: 
In our study, the pattern of changes in blood pressure 
during administration of methyldopa closely resem- - 


bled the pattern of changes in circulating renin levels - n 
and, in the patients with moderate to severe essential 


hypertension, a significant correlation could be dem- 
onstrated between the methyldopa-induced changes 


in blood pressure and those in plasma renin levels. _ 


The reasons for the differences in renin and blood 
pressure responses among the various study groups 
remain speculative. However, our results are consis- 
tent with the interpretation that decreases in blood 
pressure during sympathetic inhibition with methyl- 
dopa may be partly due to suppression of circulating 
renin. This conclusion is based upon the postulate 
that the renin-angiotensin system plays a causal role 
in the pathogenesis of human arterial hypertension.!- 


? In applying this postulate to our study, hyperten- . | 


sion in patients with terminal renal failure or normal 
renin essential hypertension of moderate to severe 
degree would be considered partly renin-dependent. 
Bühler et al,?! studying the action of propranolol 
in patients with hypertension, also found a close rela- 
tion between decreases in blood pressure and plasma 
renin activity, with favorable effects in the normal 
and high renin subgroups and absence of a significant 
decrease of blood pressure in the low renin subgroup. 
Warren and Ferris?? have shown that even normal 
plasma renin levels may be inappropriately high in 
patients with hypertensive terminal renal failure and 


thus contribute to the hypertension. Our data and 


those of Bühler et al?! extend these observations and 
suggest that normal plasma renin activity may be in- 
appropriate in patients with essential hypertension 
as well. 

The demonstration that methyldopa induces small 
to moderate decreases in blood pressure in some nor- 
mal subjects and patients with essential hypertension 
without altering circulating renin levels indicates 
that there must be a renin-independent mechanism 
in the hypotensive action of methyldopa. This is not 
unexpected, since the sympathetic pathways regulat- 
ing renin secretion appear to be largely restricted to 
the beta adrenergic system.?” Methyldopa, however, 


+ 
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seems to exert at least part of its effect at a location 
in the central nervous system higher than the sympa- 
thetic ganglia and is not limited solely to beta adren- 
ergic blockade.1924?5 Thus, blood pressure may be 
partly decreased by direct cardiovascular effects in- 
dependent of changes in the renin-angiotensin sys- 
tem when methyldopa is used. 

Clinical implications: Our data suggest that the 
hypotensive action of methyldopa depends on its ef- 
fect on both the sympathetic nervous system and the 
renin-angiotensin system. Thus, sympathetic activi- 
ty, catecholamines and renin could be pathogenic 
factors complementing each other in causing high 
blood pressure, or the sympathetic system could play 


the primary pathogenic role, with the level of circu- 
lating renin being merely an index of adrenergic ac- 
tivity. Whatever the definite interrelation among 
these components, consideration of control plasma 
renin levels may lead to a rational rather than empir- 
ic choice of appropriate antihypertensive drugs in in- 
dividual patients. In this regard, the beneficial effects 
of spironolactone or thiazides in low renin hyper- 
tension?33-35 and of propranolol in normal or high 
renin hypertension?! have already been established. 
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Methylprednisolone sodium succinate, 50 mg/kg body weight, was 
given as an intravenous bolus injection to 15 dogs with acute myocar- 
dial infarction and the results were compared with data in control ani- 
mals. Methylprednisolone was thought to improve the critical oxygen 


balance of the infarcted heart by two mechanisms: (1) by diminishing | 


heart rate, afterload and preload in the initial 15 minutes after its ad- 
ministration and thereby decreasing the oxygen need of the heart, and 
(2) by increasing coronary arterial blood flow. Both mechanisms were 
believed to contribute to the increase in cardiac output, efficiency and 


ventricular performance. This improvement in performance was pre- 


sumably not due to a positive inotropic effect, since studies in isolated 
heart muscle showed no effect of methylprednisolone on contractility. 
Regional circulations other than the coronary circulation seemed to be 


little affected by administration of methylprednisolone except for blood — 
pressure-related increases in superior mesenteric and femoral arterial — 


blood flow. 


During the past 25 years only scant attention has been paid by inves- 
tigators to the use of corticosteroids in acute myocardial infarction. 
Thus, Goldberg! in 1968, while reviewing the possible therapeutic 
agents available for the treatment of severe acute myocardial infarc- 
tion, was led to state that "there does not appear to be any reason 
why corticosteroids should be given or any reason why they should 
not." With this in mind, we investigated the hemodynamic effects of 
corticosteroids in an experimental model of acute myocardial infarc- 
tion in an attempt to determine whether their hemodynamic effects 
were likely to be of benefit in the clinical management of this condi- 
tion. 


Methods 
In Vivo Hemodynamic Studies 


Twenty-six mongrel dogs, unselected by age or sex and ranging in weight 
from 22 to 34 kg, wére anesthetized with intravenously administered sodium 
pentobarbital (20 to 30 mg/kg body weight). An intratracheal cannula was 
connected to a Harvard pump respirator for positive-pressure breathing with 
room air. À transthoracic incision was made between the fourth and fifth 
ribs. The pericardium was incised, the left anterior descending coronary ar- 
tery exposed, and pulsed field electromagnetic flowmeter probes were placed 
around the coronary artery and aorta. The abdomen was opened by a median 
incision and a retroperitoneal exposure made of the right renal artery. The 
superior mesenteric artery and femoral artery were isolated. After exposure 
of the right common carotid artery, flowmeter probes were placed about this 
artery, the right renal, superior mesenteric and femoral arteries. 

The other femoral artery was cannulated with a Teflon? cannula that in 
turn was connected to a P23AA Statham strain gauge pressure transducer. In 
all dogs the cannula was threaded to the root of the aorta for obtaining cen- 
tral aortic pressures. An additional catheter was threaded from the same 
femoral artery into the left ventricle for the measurement of left ventricular 


pressure. The flowmeter probes were connected to electromagnetic flowme- 
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ters. Flow levels, strain gauge pressure determinations and 
lead II of the electrocardiogram were recorded on a multi- 
channel (Electronics for Medicine) photographic recording 
machine. 

After three control readings, obtained 5 minutes apart, 
to ensure a steady state, acute myocardial infarction was 
produced by serially ligating distal branches of the left an- 
terior descending coronary artery until sustained S-T seg- 
ment elevation occurred and the level of systolic blood 
pressure remained under 80 mm Hg for 30 minutes. This 
usually required an average of six such ligations requiring 3 
hours. Blood flow was measured in the proximal portion of 
this artery, thus allowing a measure of flow into the infarct- 
ed area. 

The dogs were then randomly assigned to one of two 
groups. One group of 15 animals was treated with an intra- 
venously administered bolus injection of methylpredniso- 
— lone sodium succinate (Solu-Medro!®), 50 mg/kg; a second 
group of 11 dogs received no treatment and acted as a con- 
— trol series. Regional flows and pressures were simulta- 
. neously determined during the control state, after myocar- 


- dial infarction and then 1, 5, 15, 30, 60 and 90 minutes after 


the bolus injection of methylprednisolone. In eight animals 
the arteriovenous oxygen difference was measured across 

- the coronary sinus-arterial bed during the control state, 
- after myocardial infarction and 5, 30 and 90 minutes after 
- treatment with methylprednisolone. 

The flow results described will be those of the electro- 
magnetic flowmeter calculated by an integrator-computer 
for a period of 60 seconds, although the instantaneous flow 
was also recorded to correlate and assess factors that affect 
phasic blood flow, and to ensure that the computer was not 
integrating spurious results. 

Regional resistances were calculated by the formula: 


80 X mean blood pressure 
arterial blood flow 


Regional myocardial oxygen consumption (MVO») was 
calculated by multiplying coronary arterial blood flow by 
the coronary sinus-arterial arteriovenous oxygen differ- 
ence. Cardiac efficiency was determined by dividing mean 
stroke work index by myocardial oxygen consumption. 


In Vitro Mechanical Studies 


In a parallel study the effects of methylprednisolone 
were studied in 15 isolated right ventricular cat papillary 
muscle preparations using standard myographic tech- 
niques.? After anesthesia was induced with intraperitoneal 
administration of sodium pentobarbital, the heart was rap- 
idly removed and the right ventricular papillary muscles 
placed in Krebs bicarbonate solution (30? C) aerated with 
95 percent oxygen and 5 percent carbon dioxide. All studies 
were conducted isometrically at the peak of the length-ten- 
sion curve with one end of the muscle attached to a force 
transducer to record isometric force. Muscles were stabi- 
lized for 2 hours before study. 

In seven muscles the direct effects of methylpredniso- 
lone on myocardial contractility were measured by adding 
10-fold doses of methylprednisolone to the bath, to achieve 
bath concentrations of 0.4 to 400 mg/liter. Six animals (12 
muscles) were pretreated with methylprednisolone, 50 
mg/kg per day intraperitoneally for 5 days, before the 
study, and the results were compared with those in 32 mus- 
cles removed from normal cats. In both groups of muscles, 
measurements were made of force, maximal rate of force 
development, time to peak force and time for force to de- 
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cline 50 percent during relaxation. In addition, some mus- 
cles were potentiated with paired electrical stimulation, in- 
creasing the bath calcium level from 2.5 to 7.5 millimoles or 
the addition of 1075 moles isoproterenol. Four of the mus- 
cles from cats pretreated with methylprednisolone were 
further subjected to a 60 minute period of hypoxia by 
changing the aerating solution from 95 percent oxygen and 
5 percent carbon dioxide to 95 percent nitrogen and 5 per- 
cent carbon dioxide. 


In Vitro Biochemical Studies 


After anesthesia induced by intraperitoneal administra- 
tion of sodium pentobarbital (25 mg/kg), the heart was rap- 
idly removed from cats (1.5 to 2.0 kg). One heart was used 
for each experiment. The myocardium of both the right 
and left ventricle was used in determining adenyl cyclase 
activity. The assay for this determination has been pre- 
viously described? and is a combination of the incubation 
system used by Drummond and Duncan‘ and the silicic 
paper chromatography described by Woods and Waitz- 
man.? 

The free wall of the right and the left ventricle of cats 
was immediately homogenized in ice cold buffer (0.05 M 
Tris-hydrochloride, pH 7.5) using an electric Virtis homog- 
enizer. Connective tissue was removed by straining through 
gauze, and the homogenate was centrifuged at 10,000 g for 
10 minutes at 0° C. The preparation was washed by resus- 
pension in buffer and recentrifugation. The resulting pellet 
was suspended in 3 volumes of buffer (based on original tis- 
sue weight) and was used immediately. The assay system 
(in a total volume of 150 uliters per vessel) consisted of 40 
millimoles Tris-hydrochloride (pH 7.5), 8 millimoles theo- 
phylline, 2 millimoles cyclic 3'5'-adenosine monophos- 
phate, 5.5 millimoles potassium chloride, 20 millimoles 
phospho-enol-pyruvate, 3 millimoles magnesium sulfate, 47 
u/ml pyruvate kinase, 1 uc adenosine-5-triphosphate NA- 
8-C14 (30 mc/millimole) and 30 „liters of tissue suspension. 


After addition of all components, except tissue, the assay 


tubes were equilibrated at 37? C for 2 minutes. 

The reaction was started by the addition of 30 „liters of 
diluted tissue homogenate per vessel. Fresh aqueous solu- 
tions of the agents to be studied, methylprednisolone, nor- 
epinephrine bitartrate and isoproterenol hydrochloride 
were added immediately before the tissue. The vessels were 
incubated for 10 minutes at 37? C. The reaction was termi- 


nated by placing the tubes in a boiling water bath. 


An aliquot (50 uliter) of each clear supernatant was ap- 
plied on a neutral silicic acid glass fiber matrix 1,000 u in 
thickness (Chrom AR-1000, Mallinckrodt Chemical 
Works). Ascending chromatography was accomplished in 
sandwich chambers (Brinkman Instruments, Inc.), using 
the solvent 2-propranolol-ethylacetate-13.6 N ammonium 
hydroxide 55:29:16). The development time was approxi- 
mately 50 minutes. Developed spots were visualized under 
short wave ultraviolet rays. The cyclic adenosine mono- 
phosphate spots were cut out and counted after dispersion 
in 10 ml of scintillation mixture in a Packard liquid scintil- 
lation counter. Triplicate determinations of adenyl cyclase 
were obtained for basic tissue activity and for each experi- 
mental point. Distilled water controls were included for the 
volume correction of the drugs added. The levels cf the 
basic activity were expressed in picomoles of cyclic adeno- 
sine monophosphate per gram of formed tissue wet weight 
per minute. Methylprednisolone was added at initial con- 
centrations of 1079 to 107? moles; for comparison, activity 
levels were also determined with concentrations of norepi- 
nephrine and isoproterenol, 1075 moles, in each experi- 
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FIGURE 1. Effect of methylprednisolone on mean arterial blood 
pressure in acute myocardial infarction (mean + standard error of 
the mean). 


ment. The drug effects were calculated as percent of con- 
trol value. 


Statistical Analysis 


The mean changes in hemodynamic values from those 
obtained after myocardial infarction were compared in 
treated and control dogs with use of the paired t test. The 
analysis was performed after first determining that there 
were no significant differences in hemodynamic status after 
the production of myocardial infarction in both groups of 
dogs. Statistical analysis of the in vitro mechanical data 
was performed by t test. 


Results 
In Vivo Hemodynamic Studies 


Immediately after injection of methylprednisolone, 
marked hemodynamic changes occurred as follows: 

Arterial blood pressure: Methylprednisolone 
caused mean arterial pressure to drop from a level of 
55 mm Hg observed during acute myocardial infarc- 
tion to 40 mm Hg (P <0.001) 1 minute after its bolus 
injection (Fig. 1). In every dog the blood pressure re- 
turned to its previous level. Thirty minutes after ad- 
ministration of methlprednisolone, mean arterial 
blood pressure was significantly greater (11 mm Hg) 
than values in the control group; average blood pres- 
sure at this time and for the remainder of the obser- 
vation period was 66 mm Hg (P <0.005). 

Heart rate: Within 1 minute of administration of 
methylprednisolone, mean heart rate decreased from 
123 to 103 beats/min (P <0.001). This reduction per- 
sisted for the remainder of the experiment (Fig. 2). 

Cardiac index: Five minutes after injection of 
methylprednisolone, mean cardiac index rose from an 
infarction level of 0.72 to 0.88 liters/min per m? (P 
<0.025) (Fig. 3). This increase was sustained and by 
the end of 90 minutes mean cardiac index had risen 
still further to 1.06 liters/min per m? (P <0.05). 

Systemic vascular resistance: Methylpredniso- 
lone caused mean systemic vascular resistance to de- 
crease from 6.88 to 3.59 10° dynes sec cm-? (P 
-= <0.025) in the 1st minute after its administration; 
the effect was significant for 15 minutes (Fig. 4). 

Stroke index and stroke work index: Methyl- 
prednisolone caused mean stroke index to rise from 
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FIGURE 2. Effect of methylprednisolone on mean heart rate in acute — 


myocardial infarction (mean + standard error of the mean). 
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FIGURE 3. Effect of methylprednisolone on mean cardiac index in - 


acute myocardial infarction (mean + standard error of the mean). 
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FIGURE 4. Effect of methylprednisolone on mean systemic vascular — 
resistance in acute myocardial infarction (mean + standard error of - 


the mean). 


an infarction level of 6.5 ml/min per m? per beat to — 


9.28 (P <0.05) within 1 minute, and to 10.3 (P <0.05)  . 


after 90 minutes. Stroke work index had a parallel in- 


crease, rising from an infarction level of 3.49 g-m/ — 


beat per m? to 6.14 (P <0.005) after 5 minutes and to 


9.43 after 90 minutes (P «0.005) (Fig. 5). 

Left ventricular maximal dP/dt and left ven- 
tricular end-diastolic pressure: The mean maxi- 
mal rate of rise of left ventricular pressure (dP/dt) 
decreased slightly in the first few minutes after injec- 
tion of methylprednisolone, but then increased from 
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| FIGURE 5. Effect of methylprednisolone on mean stroke index (top) 
. and mean stroke work index (bottom) in acute myocardial infarction 
. (mean + standard error of the mean). 
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FIGURE 6. Effect of methylprednisolone on mean left ventricular 


.—. maximal dP/dt (top) and mean left ventricular end-diastolic pressure 
.. (LVEDP) (mean + standard error of the mean). 
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FIGURE 7. Effect of methylprednisolone on mean coronary arterial 
flow (top) and vascular resistance (bottom) in acute myocardial in- 
farction (mean + standard error of the mean). 
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TABLE I 


Effect of Methylprednisolone on Coronary Sinus-Arterial 
Arteriovenous Oxygen Difference and Cardiac Efficiency in 
Acute Myocardial Infarction (mean + standard error 

of the mean) (no. = 8) 

Nae ae cS ee ONMDUE UM a 


Coronary Sinus 


Arterial Cardiac 
Arteriovenous . Efficiency 
Oxygen Difference (SWI/MV0z) 
: (vol %) (units) 
WA ER DERIT ve aito EFICACES SP eae AE IE 
Control 8.5 + 2.1 6.2 + 0.9 
Myocardial infarction 11:7 + 1.5 1.9 + 0.2 


After methylprednisolone 


5 minutes 9.1 + 1.5* 3.8 + 0.9* 
30 minutes 9.2 + 1.4* 3.9 + 0.8* 
90 minutes 9.3 + 2.4* 3.4 + 0.7* 
NE E E A E L E a E M 
* P. «0.05. 


MVO: = myocardial oxygen consumption; SWI = stroke work 
index. 


an infarction level of 1,159 to 1,531 mm Hg/sec (P 
«0.05) 90 minutes after treatment (Fig. 6). Mean left 
ventricular end-diastolic pressure had a tendency to 
decrease with treatment, but this trend never 
reached statistical significance. 

Coronary blood flow: Blood flow in the anterior 
descending branch of the left coronary artery in- 
creased an average of 54 percent (P «0.01) 30 min- 
utes after treatment with methylprednisolone. After 
90 minutes had elapsed, mean coronary flow had 
nearly doubled from the pretreatment infarction 
level of 13.2 to 23.5 ml/min (P «0.01) (Fig. 7). Mean 
coronary vascular resistance decreased from 4.14 to 
2.10 10? dynes sec cm-? (P «0.01) over the same time 
period. Methylprednisolone also caused mean arte- 
riovenous oxygen difference across the coronary 
sinus-arterial bed, which had increased to 11.7 vol- 
ume percent upon the production of myocardial in- 
farction, to narrow significantly to 9.1, 9.2, 9.3 vol- 
ume percent 5, 30 and 90 minutes, respectively, after 
administration (P «0.005) (Table I). 

Cardiac efficiency: With the production of acute 
myocardial infarction, mean cardiac efficiency 
(stroke work index/myocardial oxygen consumption) 
decreased dramatically to a level of 1.98 units, but 
within 5 minutes of treatment with methylpredniso- 
lone, it had increased to 3.92 units (P <0.025) (Table 
I). This increase in cardiac efficiency was maintained 
for the remainder of the experiment. 

Superior mesenteric blood flow: Mean superior 
mesenteric arterial blood flow was affected within 5 
minutes of methylprednisolone treatment, improving 
from an infarction level of 106 to a new level of 145 
ml/min (P «0.025) (Fig. 8). This increase in superior 
mesenteric flow persisted, reaching a level of 161 
ml/min (P. «0.005) after 90 minutes. It probably re- 
flected increased blood pressure since there were no 
significant alterations in superior mesenteric vascular 
resistance at any time. 
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TABLE Il 


Effect of Various Concentrations of Methylprednisolone on 

the Amount of Isometric Force Developed in the Isolated 

Cat Papillary Muscle Preparation (mean -- standard 

error of the mean) 

MEME LL D mirer E DEE ee EO 
Isometric Force 
Developed (mean 


% of control) 
SS a SOUR ESC BLU SRDS aI NE ha se Ne E n 
Control 100 
Concentration of methylprednisolone 
(mg/liter) 
0.4 99.3 + 1.2 
4 98.1 + 1.6 
40 : 98.8 + 1.4 
400 97.0 + 3.9 





Femoral blood flow: Little change was seen in 
mean femoral arterial blood flow until 1 hour after 
corticosteroid therapy. After 90 minutes this regional 
circulation received an average flow of 67.0 ml/min, 
which was significantly higher than the previous in- 
farction level of 44 ml/min (P <0.05) (Fig. 9). The in- 
creased flow probably resulted from an increase in 
arterial blood pressure since femoral vascular resis- 
tance remained virtually unchanged throughout the 
experiment. 

Renal and carotid blood flow: Methylpredniso- 
lone had little effect on mean renal arterial blood 
flow during the experiments. Its only effect on mean 
renal arterial vascular resistance occurred in the first 
5 minutes after its administration when a reduction 
from 1.41 to 1.13 105 dynes sec cm~5 (P «0.05) was 
seen. Mean common carotid arterial blood flow and 
vascular resistance remained virtually unchanged 
after injection of methylprednisolone. 


Cat in Vitro Preparations 


Mechanical studies: The direct effect of large 
dose methylprednisolone therapy on force develop- 


FORCE 


FIGURE 10. Four indexes of isometric contraction, mea- 
sured at the top of the length-active tension curve. Force 
is expressed per cross-sectional area (g/mm?). Maximal 
rate of force development, dF/dt, is also normalized for 
cross-sectional area. TTP — time to peak tension and TR 
1/2 — time for force to decline 50 percent during the re- 
laxation phase (mean-+ standard error of the mean). 
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FIGURE 8. Effect of methylprednisolone on mean superior mesen- 
teric arterial blood flow (top) and vascular resistance (bottom) in 
acute myocardial infarction (mean + standard error of the mean). 
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FIGURE 9. Effect of methylprednisolone on mean femoral arterial 
blood flow (top) and vascular resistance (bottom) in acute myocar- 
dial infarction (mean + standard error of the mean). 
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- ment of isolated heart muscle is shown in Table II. It 
- is apparent that even with doses of up to 400 mg/liter 
there were no significant positive or negative ino- 
tropic effects of methylprednisolone in the isolated 
cat papillary muscle. In Figure 10, the parameters of 
isometric contraction are illustrated for the normal 
group of cats and the cats pretreated with methyl- 
prednisolone, 50 mg/kg per day for 5 days. No signifi- 
cant alterations in peak developed force at the apex 
of the length/tension curve, maximal rate of force de- 
velopment (df/dt) or a time to peak force were seen. 
In the pretreated animals there appeared to be a 
slight reduction in the index of relaxation time (TR 
1/2). Overall, however, the effects of methylpredniso- 
lone on the mechanics of isometric contraction were 
very slight. After potentiation with paired stimula- 
tion, calcium or isoproterenol (Fig. 11), the muscles 
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* 

ISUP 
FIGURE 11. Percent changes in the four index- 
es of isometric contraction after potentiation 
with paired stimulation (PS), increased calcium 
(2.5 to 7.5 millimoles) and isoproterenol (ISUP) 

ISUP (mean + standard error of the mean). 


from the pretreated cats showed a lesser increment in 
foree development and maximal df/dt than those 
from normal cats. 

Figure 12 illustrates the results obtained after 60 
minutes of hypoxia and reoxygenation. The two 
groups depicted include normal muscles and muscles 
from cats pretreated with methylprednisolone. 50 
mg/kg: per day for 5 days. It is apparent from the 
measurements of force development as a function of 
time, that there was no significant protection by 
methylprednisolone against the reduction in force 
produced by the hypoxic insult. During reoxygena- 
tion the muscles pretreated with methylpredniso!one 
had a slower recovery time than the normal muscles. 

Adenyl cyclase activity: Table III shows the ef- 
fects of various doses of methylprednisolone on the 
adenyl cyclase activity of the ventricular homogenate 


NORMAL 
SOLUMEDROL 


FIGURE 12. Average results of the 
hypoxia studies in normal cats and 
those pretreated with methylpredni- 
solone. Force is plotted as a percent 
of control on the vertical axis with 
time on the horizontal axis. After con- 
trol measurements, there was a 60 
minute period of hypoxia (95% No, 
5% CO»), followed by reoxygenation 
(95% Os, 596CO5) (mean + stan- 
dard error of the mean). 
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of normal cats. It is apparent that methylpredniso- 
lone did not affect the basic level of the adenyl cy- 
clase activity found in this preparation, although a 
. normal stimulation by the catecholamines could be 
demonstrated in each experiment. 


Discussion 


Methylprednisolone in this study of its effect in 
acute myocardial infarction produced marked 
changes in systemic and regional hemodynamics, 
many of which appeared to be of a potentially benefi- 
cial nature. 


Systemic Vascular Resistance 


Although methylprednisolone reduced systemic 
vascular resistance early in experimental myocardial 
infarction, the only major regional circulation to 
maintain a decrease in resistance at the end of 90 
minutes was the coronary circulation. Methylpredni- 
solone caused arterial blood flow in the superior mes- 
enteric circulation to increase after 5 minutes and 
femoral arterial blood flow to increase after 60 min- 
utes. These changes were probably due to increased 
blood pressure since vascular resistance in these cir- 
culations remained unchanged (Fig. 8 and 9). 

A reduction in systemic vascular resistance occa- 
sioned by the use of large doses of methylpredniso- 
lone has also been found by other workers in differ- 
ent models of hemodynamic depression such as car- 
diac tamponade and sepsis.9-? Wilson and Fisher? be- 
lieve that methylprednisolone acts to return systemic 
vascular resistance toward preexisting normal values. 
Thus, if cardiac index is low and systemic resistance 
increased, then corticosteroids will reduce resistance 
and allow for a rise in cardiac index. If, however, car- 
diac index is high and resistance decreased, then an 
oppesite effect of lowering cardiac index and increas- 
ing vascular resistance may be seen. In our study 
(Fig. 3 and 4) there was a rise in cardiac index, which 
had been depressed by the insult of acute myocardial 
infarction, accompanied by a reduction in total pe- 
ripheral vascular resistance to its preinfarction con- 
trol level. This increase in cardiac index was presum- 
ably due to a reduction in afterload!? and not to a di- 
rect cardiac effect (Table II). - 


- Coronary Blood Flow and Infarct Size 


Mean coronary arterial blood flow nearly doubled 
90 minutes after treatment with methylprednisolone 
because of a decrease in mean coronary vascular re- 
sistance from 4.14 to 2.02 10° dynes sec cm-^? (P 
<0.01) and an increase in arterial blood pressure 
(Fig. 7). Measurement of flow in the left anterior de- 
scending branches of the left coronary artery, whose 
distal branches had been serially ligated, indicated, 
as nearly as could be determined, that flow into the 
actual infarcted area increased. At the same time, 
methylprednisolone also caused the mean arteriove- 
nous oxygen difference across the heart to narrow 
significantly when measured 5, 30 and 90 minutes 
after its administration (Fig. 8). Thus, methylpredni- 


TABLE IH 


Effect of Various Concentrations of Methylprednisolone on 
the Adenyl Cyclase Activity of the Ventricular Homogenate 
of Normal Cats (mean -- standard error of the mean) 





Molar Concentration of 
Methylprednisolone 


Cyclic Adenosine Monophosphate 
Formed (mean % of control) 





1079 100 + 6.9 
10-5 09 Sak 328 
107: 102 + 3.4 
1073 96.9 + 1.0 
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solone appears to increase coronary blood flow in 


such a way that the net oxygen delivery to the heart 


is improved, and this finding is of considerable im- * 


portance in therapy of acute myocardial infarction. 
Hinshaw,’ using normal canine and endotoxin heart 
failure preparations, also found increased coronary 


blood flow, decreased coronary vascular resistance — 


and enhanced oxygen delivery to the myocardial tis- © 
sue after administration of methylprednisolone. This |. 
apparently beneficial increase in coronary blood flow — 
may help to explain the reduction in infarct size that — 
occurs after experimental acute coronary occlu- 3 


sion. 11-14 
As early as 1953, Johnson et al.!! found that small - 


doses of cortisone diminished the size of experimen- — 
tal myocardial infarcts, but part of Johnson's work : 


was disputed by Opdyke et al.,!? and investigational — 


study of corticosteroid therapy for myocardial infarc- 


tion stopped for some time. In 1965 Ebhid et al.? - 


found that hydrocortisone given intravenously in 


larger doses caused regression of S-T segment eleva- . 


tions in both experimental myocardial infarction in 
dogs and in recent human myocardial infarction. 


More recently, Libby et al.!4 studied the effect of 50 — 


mg/kg of intravenously administered hydrocortisone - 


on the size of experimental myocardial infarction. 
They found upon application of separate measure- 
ments of electrocardiography, enzymatic and histo- 
logic criteria that corticosteroids prevented myocar- 
dial cells from undergoing ischemic necrosis and that 
the magnitude of myocardial ischemic injury was 


markedly reduced. They also found that pharmaco- | 


logic doses of hydrocortisone helped prevent subse- 


quent necrosis even when given as late as 6 hours 


after the experimental coronary arterial occlusion. 

In our study methylprednisolone caused mean cor- 
onary arterial blood flow to increase, but this effect 
did not occur until 30 minutes after its administra- 
tion. The improvement in mean cardiac efficiency 
(stroke work index/myocardial oxygen consumption) 
within 5 minutes after administration of this agent - 


(Table I) suggests that there is a second, relatively : 


earlier, mechanism by which methylprednisolóne cor- 


| 
' 


rects the imbalance between coronary arterial blood 


supply and oxygen delivery, namely, reduction of the 
oxygen need of the heart by curtailment of the 
amount of work the heart is required to perform. 


Myocardial Oxygen Consumption 


The major determinants of myocardial oxygen con- 
sumption (MVO») in the contracting heart are essen- 
tially heart rate, contractility, preload and after- 
load.!96 Within 1 minute of its administration 
methylprednisolone caused a significant reduction in 
mean heart rate (Fig. 2) which lasted for the remain- 
der of the experiment. This reduction would lessen 
the oxygen requirement of the contracting heart. 

Afterload: Also within 1 minute of its bolus injec- 
tion, methylprednisolone caused a significant reduc- 
tion in mean arterial blood pressure (Fig. 1). Usually, 
a reduction in arterial blood pressure is accompanied 
by a reflex acceleration in heart rate, but in our ex- 


periments, heart rate decreased. However, this para- 


doxical decrease in arterial blood pressure occasioned 


by the reduction in mean systemic vascular resis- 


tance diminishes the afterload of the ischemic heart 
and reduces still further its need for oxygen. 
Contractility: The third determinant of myocar- 


- dial oxygen consumption—the state of contractility— 


was shown not to be affected by methylprednisolone 
in concentrations ranging from 0.4 to 400 mg/liter 
(Table III). Similarly, methylprednisolone in a wide 
range of concentrations did not affect the adenyl cy- 


clase activity of the normal myocardial enzymatic 


: system (Table III) affected by other positive ino- 
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tropic agents." When methylprednisolone was first 
given to the instrumented animals left ventricular 
maximal dP/dt decreased slightly for several min- 


utes, perhaps as a result of the concomitant reduction 


in afterload; however, 15 minutes after administra- 


_ tion there was an increase in dP/dt (Fig. 6) that was 


sustained for the last hour of observation. This in- 


crease in mean left ventricular maximal dP/dt as re- 
ported by other investigators?!? is probably due to an 
improvement in myocardial oxygen balance and the 


recruitment of previously ischemic fibers since 
methylprednisolone has no effect on myocardial con- 
tractility itself. 

In fact, in muscles pretreated with large doses of 
methylprednisolone (Fig. 11), there was a reduction 
in the inotropic effect of paired electrical stimulation, 


calcium and isoproterenol. Furthermore, methyl- 


prednisolone did not improve mechanical activity 
during 60 minutes of hypoxia and reoxygenation in 
vitro (Fig. 12). However, recent studies have suggest- 
ed that, administered in large doses, corticosteroids 
may protect against the development of contracture 
in muscles subjected to a longer degree of hypoxia.!? 
Preload: The fourth determinant of myocardial 
oxygen consumption—preload—is also probably less- 
ened by methylprednisolone administration. Hin- 
shaw? has reported a reduction in left ventricular 
end-diastolic pressure after administration of large 
doses of this corticosteroid. In this series a decrease 
in mean left ventricular end-diastolic pressure oc- 
curred but did not reach the level of statistical signif- 
icance because, as is usual in this particular model, 
with the introduction of acute myocardial infarction, 
mean left ventricular end-diastolic pressure in- 
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creased only from 4.5 to 7.5 mm Hg.?9-?? Thus, statis- 
tical evidence of any reduction was difficult to 
achieve. In patients with severe myocardial infarc- 
tion, marked increases in left ventricular end-diastol- 
ic pressure are common—and in this situation there 
is some evidence that methylprednisolone causes an 
increase in venous capacitance and a decrease in left 
ventricular filling pressure. 

In summary, methylprednisolone appears to cause 
an immediate reduction in heart size, afterload and 
probably preload without affecting contractility. 
Thus, myocardial oxygen consumption is probably 
lessened before coronary flow increases. This initial 
reduction in myocardial oxygen consumption proba- 
bly results in the recruitment of previous ischemic fi- 
bers, as discussed, and may result in the improved 
mean stroke work index seen within 5 minutes of cor- 
ticosteroid administration (Fig. 5). As stroke index 
improves, arterial blood pressure recovers and after 5 
minutes a sustained and progressive increase in mean 
stroke work index is seen (Fig. 6). Thus, with no in- 
crease in preload, stroke work index, a valuable mea- 
sure of performance, improves remarkably, thereby 


suggesting that the function of the heart has changed 


to an improved efficiency level on the Frank-Starling 
curve. 


Other Properties 


Methylprednisolone also possesses other proper- 
ties of value in treating acute myocardial infarction. 
It is known that release of the myocardial depressant 
factor from the ischemic pancreas caused by splanch- 
nic hypoperfusion in acute myocardial infarction is 
reduced after administration of methylpredniso- 
lone.??-29 This effect may in fact be the result of the 
marked increase in superior mesenteric arterial blood 
flow that occurs after methylprednisolone adminis- 
tration, as seen in our study (Fig. 10). Methylpred- 
nisolone may also attenuate the changes in ventricu- 
lar compliance that occur in acute myocardial infarc- 
tion!? and prevent the disruption of cellular lyso- 
somes and subsequent release of destructive proteas- 
es into the bloodstream.?? Thus, methylprednisolone 
appears to possess multiple hemodynamic properties, 
many of which appear desirable in the management 
of acute myocardial infarction. 


Clinical Implications 


The place of corticosteroid therapy in the manage- 
ment of acute myocardial infarction is in need of re- 
evaluation. Until now, corticosteroids have generally 
been used as a measure of last resort in terminal 
pump failure and “shock.” However, corticosteroids 
probably should be used much earlier—when the 
ischemic cells can still benefit from increased oxygen 
supply. 

Recently it has been recognized that in patients 
with a stroke work index of less than 20 g-m/beat per 
m? and a left ventricular filling pressure of more than 
15 mm Hg the mortality rate is nearly 100 per- 
cent.2®-3! This subset of patients nearly always suf- 
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fers from (1) recent complete occlusion of the left 
coronary artery or its principal branches, (2) a gross 
anatomic disturbance, such as ruptured intraventric- 
ular septum, or (3) replacement of up to 60 to 80 per- 
cent of the heart muscle by fibrous scar tissue as a re- 
sult of previous infarctions.??33 In the first two 
groups of patients, those with recent total obstruc- 
tion of the left main coronary artery or a mechanical 
lesion, emergency surgery may be preferable to medi- 
cal management. In patients with almost total re- 
placement of myocardial tissue by repeated fibrous 
scars, it seems improbable that the corticosteroids or 
other agents could repair the badly damaged cardiac 
tissue and its consequent hemodynamic derange- 
ment. Possibly in this situation the only remedy may 
be cardiac transplantation or substitution of an arti- 
ficial heart should this device become available. It is 
unfortunate that nearly all studies of the efficacy of 
corticosteroids and other agents in treating pump 
failure and terminal shock in myocardial infarction 
are based on patients with too little viable myocar- 
dium to permit survival. This circumstance has in- 


hibited investigation of these agents in the treatment - 
of patients with nonterminal lesions.?4 

With this in mind it would seem worthwhile to 
study the effects of a large dose of corticosteroids — 
early in myocardial infarction in those patients with 
a stroke work index above 25 g-m/beat per m? in the - 
absence of hypovolemia to determine whether corti- 
costeroids given early can reduce the size of the in- - 
farct in uncomplicated myocardial infarction or in- 
fluence the outcome in patients with an uncertain 
prognosis.?? The exact role of corticosteroid therapy 
in human myocardial infarction thus remains to be 
determined. The development of new techniques that 
allow quantitation of infarct size in man, together 
with the availability of precise hemodynamic mea- 
surement, may clarify this issue. 
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The hemodynamic events produced by acute occlusion of the superior 
mesenteric artery were studied in 15 dogs and the results obtained 
contrasted with findings in a control series of 11 animals. Acute occlu- 
sion of the superior mesenteric artery caused a reduction in cardiac 
index after 60 minutes, whereas arterial pressure increased for the 


first 5 minutes and was reduced after 1 1/2 hours. Systemic vascular d 


resistance showed a sustained and progressive increase. Blood flow in 
the left anterior descending coronary, renal and common carotid arte- 
ries showed short-lived initial increases followed by a progressive de- 
crease in each regional circulation. 


Acute vascular insufficiency of the gastrointestinal tract usually has a 
mortality rate exceeding 90 percent.!-? Acute myocardial infarction 
and progressive renal failure often supervene in the course of this ill- 
ness and overwhelm the patient.^ Because of this high mortality rate, ' : 
we studied the effect of occlusion of the superior mesenteric artery on _ 
various regional circulations in the body in an attempt to elucidate - 
whether any hemodynamic alterations contribute to the onset of 
myocardial infarction, renal failure and death in patients with this le- 
sion. 


Methods 


Twenty-six mongrel dogs, unselected by age or sex, with weights ranging 
from 21 to 34 kg, were anesthetized with intravenously administered sodium | 
pentobarbital (20 to 30 mg/kg body weight). An intratracheal cannula was 
connected to a Harvard pump respirator for positive-pressure breathing with 
room air. The pericardium was incised through the fifth intercostal space and 
the left anterior descending coronary artery exposed. Pulsed field electro- 
magnetic flowmeter probes were placed around this artery and the pulmo- 
nary artery. The abdomen was opened by a median incision and a retroperi- 
toneal exposure made of the right renal artery. The superior mesenteric ar- 
tery was isolated and two sutures were placed lightly around it. After expo- 
sure of the right common carotid artery, flowmeter probes were placed about 
this artery and the right renal artery. 

The femoral artery was cannulated and left ventricular and aortic pres- 
sures were measured by P23AA Statham transducers connected to a trans- 
femoral catheter that was passed to the aortic arch and ventricular cavity. 
Flows, pressures and lead II of the electrocardiogram were recorded on a 
multichannel (Electronics for Medicine) photographic recording machine. 

The dogs were then randomly assigned to one of two groups: In group I 


. (15 animals), after three control readings obtained 5 minutes apart to ensure 


a steady state, the two sutures around the superior mesenteric artery were 

pulled tight, ligating the artery as close to its origin as possible. Regional 

flows and pressures were recorded 1, 5, 15, 30, 60 and 90 minutes after liga- 

tion. In group II (11 animals) the superior mesenteric artery was not ligated. 
Regional resistances were calculated by the formula: 


80 X mean arterial blood pressure 
arterial blood flow 


Statistical comparison of the data was obtained by analysis of the com- 
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parison of the mean change from control values in both 
groups of animals by Student’s ¢ test for paired replicates. 


Results 


Acute occlusion of the superior mesenteric artery 
caused alterations of systemic and regional hemody- 
namics as follows: 

Cardiac index: Mean right cardiac index was not 
significantly changed until 1 hour after occlusion, 
when it decreased from a control value of 1.72 to 1.34 
liters/min per m? (P <0.025) reaching a level of 1.10 
liters/min per m? (P «0.005) by 90 minutes after oc- 
clusion (Fig. 1). 
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FIGURE 2. Effect of occlusion of the superior mesenteric artery on 
mean coronary arterial blood flow and vascular resistance. 
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or mesenteric artery (SMA) on mean cardiac 
index, mean arterial blood pressure, mean 
systemic vascular resistance and mean left 
ventricular end-diastolic pressure. SEM — 
standard error of the mean. 


= FIGURE 1. Effect of occlusion of the superi- 
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Systemic vascular resistance: Mean systemic 
vascular resistance (Fig. 1) increased immediately 
after occlusion from 4.31 to 4.97 103 dynes sec cm~’ 
(P <0.005). This increase was sustained and progres- 
sive. 

Arterial blood pressure: Mean arterial blood 
pressure (Fig. 1) increased significantly from 78 to 87 
mm Hg in the 1st minute of occlusion (P <0.001). It 
then returned to control levels except for a small de- 
crease at the conclusion of the experiment. Mean left 
ventricular end-diastolic pressure was not signifi- 
cantly altered by occlusion. 

Coronary arterial blood flow: Mean coronary 
flow (Fig. 2) increased slightly in the 1st minute after 
occlusion, then returned to control levels. By the end 
of 1 hour, coronary flow was 25 percent lower than 
the control value (P «0.001) and by 90 minutes was 
9.7 ml/min compared with a control level of 15.7 ml/ 
min (P «0.001). Mean coronary vascular resistance 
after showing a small increase 1 minute after occlu- 
sion increased from 4.32 to 5.33 10° dynes sec cm"? 
(P <0.025) after 30 minutes and to 7.02 10° dynes sec 
cm? after 90 minutes (P <0.005). 

Renal arterial blood flow: Mean renal flow (Fig. 
3) rose from a control level of 136 to 152 ml/min (P 
<0.001) at the end of the 1st minute, then immedi- 
ately decreased to 125 ml/min (P «0.025) at 5 min- 
utes. This reduction in renal flow was progressive, 
reaching a level of 86 ml/min (P «0.005) by 90 min- 
utes and was associated with a significant increase in 
mean renal vascular resistance (Fig. 3). 

Carotid arterial blood flow: In the 1st minute of 
occlusion, mean carotid arterial blood flow increased 
from 61 to 74 ml/min (P «0.001) (Fig. 4). Mean ca- 
rotid vascular resistance was virtually unchanged at 
this time, remaining so until 30 minutes had elapsed 
when a progressive increase was seen. After its initial 
increase, carotid arterial blood flow then slowly de- 
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creased until after 90 minutes, flow was only 60 per- 
cent of the control value (P <0.001). 


Discussion 


The experimental evidence presented suggests that 
acute ischemia of the gastrointestinal tract produces 
marked hemodynamic changes that may in turn 
damage other organ systems of the body, thus con- 
tributing to the high mortality rate usually associated 
with this state clinically. 

Our data confirm the observation of Onnis et al.5 
that an initial small increase in systemic blood pres- 
sure occurs with occlusion of the superior mesenteric 
artery. Presumably the initial increase in arterial 
blood pressure is responsible for the initial increases 
seen in coronary, renal and carotid arterial blood 
flow. Possibly these changes result from blood being 
directed into other regional systems after occlusion of 
the superior mesenteric artery. 

The reduction in cardiac index after 1 hour of oc- 
clusion is similar to the results obtained by Milliken® 
and Williams?? and their co-workers. This circulato- 
ry change is not due to a change in preload since left 
ventricular end-diastolic pressure was not signifi- 
cantly altered in our study. Lefer et al.2-!! have re- 
ported that a myocardial depressant factor is re- 
leased from the ischemic pancreas and is responsible 
for the reduction in cardiac output seen in acute mes- 
enteric ischemia, although this observation has been 
disputed in part by Forrester et al.!? 

Coronary resistance and flow, vascular col- 
lapse and myocardial depressant factor: After an 
initial increase lasting for only 1 or 2 minutes, coro- 
nary resistance gradually and progressively in- 
creased, reaching a significant level after 30 minutes. 
After 60 minutes, coronary blood flow was dimin- 
ished by 25 percent (P «0.001) and this decline con- 
tinued (Fig. 2). Because of this reduction in coronary 
flow, nutrition of the myocardium may be impaired, 
and this impairment could be another reason for the 
parallel reduction in cardiac output. Williams et al.8 
monitored the electrocardiogram in a series of dogs 
with acute gut ischemia and found that, as the period 
of ischemia lengthened, electrocardiographic changes 
appeared that were consistent with left ventricular 
injury, subendocardial ischemia, or both. The possi- 
bility exists that more than one mechanism may be 
responsible for the observed decrease in coronary 
blood flow. In 1940 Gilbert et al.!? showed that dis- 
tension of abdominal viscera produced, by means of a 
parasympathetic reflex, coronary vasoconstriction 
that could be abolished by vagal section or adminis- 
tration of atropine. Bounous et al.!4 have shown that 
the tryptic enzymes and the products of their action 
are probably partly responsible for the vascular col- 
lapse. Fine and his co-workers®!° believe that an in- 
creasing concentration of lethal endotoxin released 
by the abnormal proliferation of intestinal bacteria is 
responsible for vascular collapse; however, other 
workers! argue that bacteria cannot be responsible 
for the acutely fatal outcome after occlusion of the 
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FIGURE 3. Effect of occlusion of the superior mesenteric artery on 
mean renal arterial blood flow and vascular resistance. 


superior mesenteric artery because comparable sur- _ 


vival times are obtained in germ-free conventional 
experimental animals.!6 Hypovolemia due to weeping — 
of plasma into the gut!?!8 and intravascular throm- — 


bosis!? seem unlikely causes of the reduction in coro- 


nary flow because of the rapidity of its onset. 

Release of serotonin from the ischemic gut consti- 
tutes the largest fraction of increased vasoactivity 
seen during the first 4 hours of acute insufficiency of 
the superior mesenteric artery.2°-23 It has been 
shown that serotonin increases blood flow in the cor- — 
onary circulation.?4?5 This effect is entirely opposite 
to that observed in this series of experiments, there- 
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FIGURE 4. Effect of occlusion of the superior mesenteric artery on 
mean carotid arterial blood flow and vascular resistance. 
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by suggesting that other factors beside serotonin are 
influencing coronary arterial blood flow. Our results 
thus support the contention that a myocardial de- 
pressant factor or factors produce the decline in car- 
diac performance. It is also possible that the reduc- 
tion in coronary flow is proportional to a decrease in 
myocardial oxygen demand due to some myocardial 
depressing mechanism as discussed earlier.9-5.12.!? 
This possibility suggests that the induced coronary 
vasoconstriction is a phenomenon secondary to myo- 


cardial demand rather than a primary coronary vaso- 


constriction, but the exact mechanism requires fur- 
ther elucidation. 

Many of the patients whose condition progresses to 
intestinal infarction already have a compromised car- 
diac status,?9?7 which may be a contributing factor to 


the high incidence of myocardial infarction in pa- 


tients after the onset of acute bowel ischemia.* Acute 
bowel infaretion may be a clinical setting in which it 
is possible to study the events that predispose to or 
result in acute myocardial infarction. 

Renal circulation: The initial increase in renal 
arterial blood flow lasting for 1 minute paralleled the 
changes seen in the coronary and carotid arterial cir- 
culations. However, although the coronary and carot- 
id flow values remain unchanged until the end of 1 
hour of the superior mesenteric artery occlusion, 5 
minutes after the onset of acute gut ischemia, renal 
resistance increased significantly and renal flow pro- 
gressively decreased (Fig. 3). 
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The release of serotonin that occurs in the initial 
period of gut ischemia??? is possibly related to this 
reduction in renal blood flow, for it is known that re- 
lease of this substance into the circulation may cause 
a decrease in renal flow? to the point at which bilat- 
eral renal cortical necrosis occurs.?? This decrease in 
blood flow to the kidney may in part be responsible 
for the marked increases in blood urea nitrogen and 
serum creatinine levels as well as the proteinuria and 
microscopic hematuria seen clinically in patients 
with acute bowel infarction.4279-?! 

Carotid circulation: After a transient initial in- 
crease, lasting for only 1 minute, carotid arterial 
blood flow began to decrease at the end of 1 hour of 
occlusion of the superior mesenteric artery, the re- 
duction being even more severe at the end of the pe- 
riod of observation (Fig. 4). The reduced flow does 
not in itself necessarily represent cerebral ischemia 
because the carotid artery also supplies the other 
structures of the head. Except for a few instances of 
coma in the terminal stage. there are no reports of a 
cerebral syndrome or brain postmortem findings in 
patients who have sustained acute intestinal infarc- 
tion. Assessment of the significance of these experi- 
mental findings on carotid arterial flow therefore re- 
quires further clinical investigation. 
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The influence of psychological stress on cardiac rhythm was studied in 
eight conscious dogs before and after coronary arterial occlusion. The 
behavioral and cardiac responses of the animals were compared in 
stressful and nonstressful environments. Before coronary arterial ob- 
struction, psychological stress lowered the vulnerable period thresnold 
for repetitive ventricular responses by 82 percent. After myocardial in- 
farction, presentation of stressful stimuli provoked diverse ventricular 
arrhythmias including ventricular tachycardia and early extrasystoles 
with T wave interruption. Our study provides an experimental model for 
the systematic investigation of the role of psychological factors in the 
development of cardiac arrhythmias. 


Psychological stress has long been considered a provocative factor in 
diverse cardiac arrhythmias. Already in Roman times, Galen com- 
mented on the capacity of intense emotion to affect the regularity of 
the pulse. With the passage of more than 18 centuries, an encyclope- 
dic body of clinical anecdotes has been amassed attesting to this rela- 
tion. Yet sound experimental data on the precise contribution of psy- 
chological factors to the genesis of arrhythmia are still scarce. 

The possible role of neural activity in triggering arrhythmia as- 
sumes pressing importance since it may have relevance to the prob- 
lem of sudden death among patients with coronary heart disease. It 
has been postulated that victims of sudden death derive from a 
subgroup of patients with ischemic heart disease who are afflicted 
with electrical instability of the myocardium.! Although electrical in- 
stability may predispose to malignant arrhythmia, the precipitation 
of ventricular fibrillation probably is dependen: upon additional 
mechanisms. These ancillary mechanisms constitute sporadic and 
transiently operating risk factors.? Stressful psychological states may 
act as such transient triggers for ventricular fibrillation in the isch- 
emic electrically unstable heart. These speculations require thorough 
scientific investigation. 

The slow progress in establishing precise relations between altered 
psychological states and cardiac arrhythmia has been in part related 
to the absence of suitable biological models. Recently, we have devel- 
oped an approach for studying in the normal conscious dog the ef- 
fects of stressful states on the susceptibility to ventricular fibrilla- 
tion.? Repeated exposure of an animal to a stressful environment sig- 
nificantly reduced the vulnerable period threshold for eliciting repet- 
itive extrasystolic responses. It remains unknown, however, whether 
psychological stress alone can predictably precipitate major ventricu- 
lar arrhythmias in the ischemic heart. This investigation examines 
this question in animals recovering from acute myocardial infarction. 
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Material and Methods | 


The behavioral and cardiac responses of eight conscious 
dogs were compared in two environments. In the first, ani- 
mals were restrained in a sling in which they received a 
brief electric shock on 5 consecutive days. In the second en- 
vironment, animals were free to move in a cage in which 
they were left undisturbed. The effect of each environment 
on the threshold for repetitive extrasystoles was compared 
over a 5 day period. Thereafter, myocardial infarction was 
induced by inflating a balloon previously implanted around 
the left anterior descending coronary artery. After recovery 
from the ventricular ectopic activity induced by myocardial 
infarction, which generally lasted 48 to 72 hours, the dogs 
were again exposed to each of the two environments and 
the effects on cardiac rhythms were studied. 

The following procedures and methods were used: 

Surgical procedure: Under pentobarbital anesthesia 
(30 mg/kg body weight intravenously), a left thoracotomy 
was performed through the fourth intercostal space. The 
heart was exposed and a balloon catheter was implanted 
around the left anterior descending coronary artery 1 cm 
from its origin. The incision was closed and the balloon 
catheter exteriorized through a subcutaneous tunnel in the 
nape of the neck. Two bipolar pacing catheters (platinum 
electrodes with an interelectrode distance of 1.5 cm and a 
pole width of 3 mm) were positioned under fluoroscopic 
control in the right ventricle by way of the jugular veins. 
Both catheters were positioned at the right ventricular 
apex; one was used for stimulation (bipolar, with the distal 
electrode cathodal), and the other provided an artifact-free 
electrocardiographic signal. The animals were allowed to 
recover for 6 days before definitive study. 

Psychological environments: On each day of experi- 
mentation, the dogs were initially placed in the stressful 
sling and thereafter in the nonstressful cage. In the first en- 
vironment, the animals were restrained in a Pavlovian 
sling. Cables were connected to the cardiac catheters, 
which were secured at the nape of the neck. At the end of 
each experiment, a 5 joule shock was delivered through 
copper plates (10 cm?) fastened on either side of the tho- 
rax. The shock was administered according to a fixed se- 
quence. Tension was applied on a restraining leash fol- 
lowed by the sound of the cardioverter switch. Thirty to 60 
seconds later, a transthoracic shock was delivered. The 
presence of psychological stress was indicated by tachycar- 
dia, somatic tremor, salivation and sphincter relaxation. 

The nonstressful environment consisted of a cage placed 
in a sound-attenuated room. Cables were suspended from 
the top of the cage and connected to the cardiac catheters 
in a manner permitting freedom of movement. The dogs 
were quiet and relaxed in this environment and appeared 
unaffected by electrical testing. The investigators and elec- 
tronic equipment were in an adjoining room with a one-way 
mirror for observation of the animal. 

Electrical testing of the heart: To determine the 
threshold for eliciting repetitive ventricular responses early 
in diastole the technique of sequential R/T pulsing was 
used.^? A sequence of three extrasystoles was induced with 
square wave cathodal pulses of 2 msec duration. The tim- 
ing of each pulse could be varied with an accuracy of +3 
msec. The current intensity ranged from 0 to 100 milliam- 
peres (ma) (constant current, accuracy +3 percent). The 
amplitude of the first pulse (S) was set at twice the mid- 
diastolic threshold required to elicit a propagated response. 
'The delay of S; from the preceding R wave was decreased 
in 10 msec steps until no response occurred. This procedure 
enabled demarcation of the boundary of the effective re- 


fractory period for a stimulus of twice threshold intensity. 
The delay of S; was thereupon set at 10 msec beyond the 

effective refractory period. The amplitude and delay of the 
second (Sə) and third (S3) pulses were similarly deter- 
mined. The timing of the pulses was established daily in 

each environment. To determine the threshold for repeti- 
tive extrasystoles the current of S4 was then increased pro- 

gressively by 5 ma steps, and the response to each stimulus. 
intensity was tested twice. The threshold for repetitive ex- 

trasystoles was defined as the current necessary to produce 
more than three propagated responses in two of three 
trials. During the sequential R/T pulsing, the heart was 
paced at a constant rate of 200 beats/min. 

Before the start of electrical testing in the cage, the ani- 
mals were allowed an acclimatization period of 1 hour; in 
the sling environment, testing was begun 10 to 15 minutes 
after the animal was restrained. Five determinations of the 
threshold for repetitive extrasystoles were performed in 
each environment on 5 consecutive days. A minimal time of 
2 minutes elapsed between trials during which the heart 
rate was recorded. Each day after completion of electrical 
testing, the dogs received a single 5 joule transthoracic 
shock while in the sling. 

Myocardial infarction: The left anterior descending 
coronary artery was permanently occluded on the 6th day 
of the study by inflating the balloon catheter. Electrocardi- 
ograms were thereafter monitored using a telemetry system 
connected to an automated direct print-out. Tracings were 
obtained at 20 minute intervals. The effects of the two en- 
vironments on cardiac rhythm were studied after the extra- 
systoles resulting from the myocardial infarction had. 
ceased. The animals were then placed daily in both sling 
and cage for 4 consecutive days. The effect on cardiac 
rhythm of both placing the animals in the sling and pre- 
senting stressful stimuli (tension on the restraining leash, 
sound of the cardioverter switch) were noted. At the end of 
the period in the sling (approximately 30 minutes), a single 
shock was administered. In the cage the dogs remained un- 
disturbed. In six of the eight dogs, the effect of the two en- 
vironments was also examined within 3 hours after the oc- 
clusion of the left anterior descending coronary artery. 

Data analysis: Electrocardiographic signals and audio 
accounts of experimental events were continuously record- 
ed using a frequency modulation tape system (Ampex FR- 
1300 recorder). This permitted systematic review of the se- 
quence of events related to the development of cardiac ar- 
rhythmias. Special attention was given to the evocation of 
ventricular ectopic mechanisms. Electrocardiographic trac- 
ings were examined for changes in heart rate, ventricular 
premature beats, R-R coupling interval and ventricular 
tachycardia, defined as the occurrence of four or more suc- 
cessive ventricular premature beats. Statistical compari- 
sons were made using Student's t test. 


Results 


The sling and cage environments were associated 
with distinct differences in behavioral patterns. In. 
the sling, the animals exhibited somatic tremor, sali- 
vated excessively and had a rapid heart rate (148 + 
10 beats/min [standard error of the mean]). In the 
cage, the dogs were usually recumbent, with eyes 
closed, and had a slow heart rate (94 + 12 beats/min, | . 
P <0. 001). 

Psychological stress and ventricular ulnis 
bility: By the 5th day of experimentation, there was 
a marked difference in the threshold for inducing re- 
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FIGURE 1. Electrocardiographic response to sequential R/T pulsing 
in the conscious dog. In the cage, where the animal was never 
ressed, a sequence of three 5 ma pulses resulted in three ventric- 
ular responses (upper tracing). However, in the sling, where the dog 
been exposed to stressful stimuli, three pulses of identical cur- 
rent resulted in repetitive extrasystoles (lower tracing). Heart rate 
m maintained constant at 200 beats/min by ventricular pacing. 





es extrasystoles in the two environments. In the 
sling where the dogs had been subjected to stress, the 
mean current for repetitive responses was 12 + 2 ma. 
In the cage where the animals were left undisturbed, 
the mean threshold was 68 + 5 ma (P <0.001). An ex- 
ample of repetitive extrasystoles after sequential R/T 
pulsing in the two environments is shown in Figure 1. 
P Psychological stress and arrhythmias: Signifi- 
lint differences in cardiac rhythm were observed in 
the two environments during recovery from myocar- 
dial infarction. Before coronary arterial occlusion, 
ihe: sling environment provoked no arrhythmias. 
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Bossi ventricular premature beats and ventricu- 
lar tachycardia developed i in seven of eight dogs that 
were placed in the sling after complete cessation of 
ventricular ectopic activity resulting from myocardial 
infarction (Table I, Fig. 2). Ventricular ectopic activi- 
ty and ventricular tachycardia were provoked by en- 
acting the sequence of events that anticipated deliv- 
ery of shock; that is, tension on the restraining leash 
and sound of the cardioverter switch sufficed to 
evoke changes in cardiac rhythm. When arrhythmia 
occurred, no electric shoek was delivered until its 
abatement. Electric shock served only to reinforee 
the stressful stimuli, not to elicit arrhythmic re- 
sponses. Placing the dogs in the cage had no effect on 
cardiac rhythm. 

There were striking individual variations in the re- 
sponse of cardiac rhythm to psychological stress. In 
three of the seven dogs exhibiting ventricular ar- 
rhythmia while in the sling, a brief period of sinus 
tachycardia was followed by sinus bradycardia in re- 
sponse to stressful stimuli. In the remaining four ani- 
mals, persistent sinus tachycardia (160 to 240 beats/ 
min) was observed. Ventricular arrhythmias ensued 
30 te 60 seconds after these alterations in sinus 
rhythm and lasted from 5 to 120 seconds. The pat- 
tern of ventricular tachycardia also showed individu- 
al variations. In dogs that exhibited acceleration of 
sinus rhythm in response to stressful stimuli, ventric- 
ular tachycardia was rapid, unifocal and regular (170 
to 250 beats/min). In the three dogs with sinus 
bradycardia after the transient acceleration in rate, 
ventricular tachycardia was irregular and slower than 
the basal sinus rhythm (by 20 + 1 beats/min). Two of 
these dogs exhibited ventricular premature beats 
with an R on T phenomenon as well as multiform ex- 


FIGURE 2. Provocation of ventricular arrhythmias by 
psychological stress during myocardial infarction. In 
the nonstressful environment (cage, upper tracing), 
the animal exhibited normal sinus rhythm at a rate of 
90 beats/min. In comparison, when the animal was 
placed in the stressful environment (sling, lower three 
continuous tracings) ventricular arrhythmias were 
evoked. 1, upon presentation of stressful stimuli 
(arrow) a brief period of sinus tachycardia (160 beats/ 
min) was followed by (2) sinus bradycardia (72 beats/ 
min). 3, normal rhythm was interrupted by ventricular 
premature beats, culminating in ventricular tachycardia 
with bouts of R on T phenomena. The observations 
were made 48 hours after myocardial infarction. 
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 trasystoles. A representative example of stress-in- 
duced ventricular arrhythmias is shown in Figure 2. 

. Six dogs were placed in the sling and cage within 3 
hours after coronary arterial occlusion, before the 
onset of spontaneous ventricular arrhythmias. Ven- 


 tricular tachycardia was provoked in three animals 


(Dogs 3, 7 and 8, Table I), and salvos of couplets were 
observed in another (Dog 6) during exposure to the 
stressful environment. Two animals (Dogs 4 and 6) 
exhibited an R on T phenomenon with a short R-R 
coupling interval (0.20 and 0.28 second). Arrhythmias 
were not observed while the animals were in the cage 
during this period. 


Discussion 


Psychological factors have been implicated in the 
development of cardiac arrhythmias and in some 
- cases in the provocation of sudden death.9-? Electri- 
cal stimulation of the central nervous system has 
been shown to evoke diverse arrhythmias including 
ventricular fibrillation.!°-!* Although these investiga- 
tions have yielded valuable information, they involve 
artificial activation of the nervous system. Precise 
definition of the influence of higher nervous system 
activity on cardiac rhythm has been encumbered by 
the complex nature of psychological variables and by 
the difficulties in defining and quantifying emotional 
responses. The susceptibility of the heart to arrhyth- 
mias constitutes an additional variable that must be 
considered in any study of the relation of psychologi- 
cal stimuli to the occurrence of arrhythmias. 

In this study, the psychological state of the animals 
was manipulated by placing them in two distinctly 
different environments. The sling environment 
evoked behavioral and cardiac responses indicative of 
stress. The dogs were restless, exhibited somatic 
tremor, had sphincter relaxation, salivated excessive- 
ly and had a rapid heart rate. In the cage environ- 
ment, the dogs were usually recumbent, with eyes 
closed, and had a slow heart rate (54 beats/min lower 
than in the sling). Although the psychological compo- 
nent of these responses was not mensurated precise- 


TABLE ! 


Stress-Induced Ventricular Arrhythmias After Myocardial 
Infarction in Conscious Dogs 


Precipitation of Ventricular Arrhythmias 


Dog no. 48 Hours 72 Hours 96 Hours 
1 NT VT 0 
2 NT 0 0 
$^. NT VT 0 
4 VT VT VPBs 
5 VT 0 0 
6 VT VT VPBs 
7 VT VT VPBs 
8 NT VT 0 


NT = not tested; VPBs = stress-induced ventricular pre- 
. mature beats; VT = stress-induced ventricular tachycardia; 
0 = ventricular arrhythmias not provoked. 


ly, these observations suggest that two distinctly dif: 
ferent psychological states had been achieved. 

Two different phenomena relevant to the arabiad 
of sudden death were studied. The first was the vul- 
nerable period threshold for evocation of repetitive 
extrasystoles after direct stimulation of the heart. 
The second was the occurrence of arrhythmias after 
acute coronary arterial occlusion. 

Threshold for repetitive extrasystoles: Psycho- 
logical stress induced marked changes in the thresh- 
old for repetitive extrasystoles in the normal heart. 
In the sling, this threshold was 56 + 4 ma lower than 
in the nonstressful environment. The provocation of 
repetitive extrasystolic response has been shown to 
anticipate ventricular fibrillation.!?-!? A reduction in 
threshold of the observed magnitude therefore 
suggests that psychological stress even in the normal 
heart may predispose to development of ventricular 
fibrillation. 

The low threshold while the animal was in the alfa 
probably results from increased sympathetic activity 
indicated by the presence of somatic tremor and a 
rapid heart rate. Sympathetic nervous stimulation 
has been consistently shown to increase ventricular 
vulnerability.!?:1516 Han et al.!? have observed that 
stellate ganglionic stimulation in normal dogs de- 
creased by 34 percent the threshold for eliciting mul- 
tiple ventricular responses. The enhanced ventricular 
vulnerability induced by sympathetic nervous system 
stimulation has been shown to occur independently 
of changes in heart rate and blood pressure.!*!? | 

Cardiac arrhythmia after coronary occlusion: 
Harris!? has described three sequential phases of car- 
diac arrhythmia that follow coronary arterial ligation 
in the dog. The first phase, which occurs 2.5 to 15 
minutes after occlusion, is characterized by enhanced 
ventricular ectopic activity and a high incidence of 
ventricular fibrillation. There follows a quiescent pe- 
riod lasting 6 to 12 hours during which arrhythmia is 
diminished or disappears entirely. Thereafter, ven- 
tricular ectopic activity recurs in the form of multi- 
form ventricular tachycardia and persists for about 
24 to 48 hours. The influence of psychological stress 
on cardiac rhythm was studied during the quiescent 
period and 2 to 3 days after coronary arterial ligation, 
at a time when the dogs were completely free of ar- 
rhythmias. Exposure of the animals to the stressful 
environment precipitated a variety of ventricular 
mechanisms, including R on T phenomena and ven- 
tricular tachycardia. The arrhythmic response to psy- 
chological stress waned over a period of 3 days de- 
spite persistence of behavioral patterns indicative of 
stress (somatic tremor, sphincter relaxation, and the 
like). Thereafter, arrhythmias could no longer be in- 
duced. Thus, overt effects of our present psychologi- 
cal model on cardiac vulnerability required a sub- 
stratum of electrical instability of the myocardium. 

Neural mechanisms of arrhythmias: The specif- 
ic neural mechanisms responsible for provocation of 
arrhythmias by psychological stress during myocar- 
dial infarction remain to be defined. The changes in 


November 1974 The American Journal of CARDIOLOGY Volume 34 695 


i ae aaa aie ta NY DOORS NEG 


QT 5*9? Wi a r -x ag rx Y > ERES > T= -—. r7 TAA m f ary T x AY GO c 
IS $T 51 owe v. A rs Trt 3: Vi EIE 5 m V SETAT y PUES A : 
) 3 , > 


"PSYCHOLOGICAL STRESS AND VENTRICULAR ARRHYTHMIAS—CORBALAN E ET AL. 


behavior and heart rate indicated that both sympa- 
thetic and parasympathetic nervous activity were al- 
tered in the stressful environment. Enhanced sympa- 
thetic tone suggested by somatic tremor and tachy- 
cardia was also accompanied by marked vagotonia in- 
dicated by anal sphincter relaxation and the occur- 
-rence of bradycardia upon presentation of stressful 
-cues anticipating shock. Webb et al.!9 reported en- 
hanced activity of both divisions of the autonomic 
_ nervous system during early phases of acute myocar- 
dial infarction in patients. Sympathetic?? as well as 
_ parasympathetic?! stimulation has been shown to 
trigger arrhythmias during experimentally induced 
myocardial infarction. The sympathetic nervous sys- 
- tem appears to favor the development of arrhythmias 
- by a direct effect on the excitable properties of the 
"heart, 13.1922 whereas arrhythmias that occur in re- 
sponse to vagal stimulation, during myocardial in- 
_ farction, are dependent on neurally induced brady- 
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cardia.?! That neural factors are highly potent in 
evoking ventricular ectopic activity in man has been 
recently deduced from sleep studies.?? Sleep dimin- 
ished and even abolished ventricular premature beats 
when antiarrhythmic drugs such as quinidine, pro- 
cainamide and propranolol were without effect. 

Our study demonstrates that psychological stress 
can alter ventricular threshold of cardiac vulnerabili- 
ty and provoke major arrhythmia in the animal with 
coronary occlusion. This finding emphasizes the im- 
portance of higher nervous system activity in the 
genesis of arrhythmias and perhaps in the precipita- 
tion of sudden death. This investigation provides a 
heuristic model permitting the systematic explora- 
tion of neurocardiac interactions. 
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In experiments conducted on anesthetized dogs, a single prolonged 
cardiac cycle caused an increase in the duration of the refractory peri- — 
od of the ventricular myocardium. The refractory period remained pro- 
longed for one or two additional cardiac cycles after the basic cycle 
length was resumed. In concealed bigeminy, a 2:1 block in a reentry — 
path is postulated. The compensatory pause that follows a manifest 
extrasystole results in a prolongation of the refractory period. If the re- - 
fractory period exceeds the propagation time of the next ectopic im- 
pulse conducted through the reentry path, that ectopic impulse will be © 
concealed. However, if the refractory period does not exceed the 
propagation time, another extrasystole will occur, and a bigeminal se- - 
quence will ensue. Consecutive compensatory pauses appear to exert 
a cumulative effect on refractory period duration, so that for critical 
propagation times, the bigeminal pattern will be terminated briefly 
when an ectopic impulse becomes concealed. A quadrigeminal pattern 
occurs when the propagation time in the reentry loop lies between the 
refractory period durations of the beat terminating a compensatory 
pause and the beat that occurs two sinus cycles later. In concealed bi- 
geminy where an odd number of conducted beats greater than five lies 
between extrasystoles, the propagation time in the reentry path is just 
less than the refractory period of the ventricular cells during normal 
sinus rhythm at the prevailing heart rate. Random increases in propa- 
gation time or decreases in refractory period result in manifest extra- 
systoles. 


Schamroth and Marriott!-? have described disturbances of cardiac 
rhythm in which there were frequent ventricular extrasystoles that at 
first seemed to occur at random. However, careful inspection revealed 
that there were always an odd number (2n + 1) of sinus beats be- 
tween extrasystoles, where n equals zero or any positive integer. They - 
postulated, therefore, that there was an underlying bigeminal rhythm — 
which existed in a concealed form, and termed the arrhythmia “con- 
cealed bigeminy." They have also observed?’ instances of “concealed 
trigeminy," in which there were always 3n + 2 sinus beats between 
extrasystoles. They proposed the general term “concealed ventricular 
extrasystoles" for these and related phenomena. | 
In a recent study of ventricular parasystole in our laboratory, con- 
cealed bigeminy frequently supervened when the coupling interval 
between the conducted and premature beats approached the dura- 
tion of the refractory period of the ventricular myocardium.* It was 
suggested that one mechanism producing concealment was the pro- 
longation of the refractory period of the postextrasystolic beat as a 
consequence of the preceding compensatory pause. It is well estab- - 
lished that the duration of the action potential and the refractory pe- 
riod of ventricular myocardial cells varies directly with the duration - 
of the preceding R-R interval.5-? 
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The increased refractory period after the compen- - 


 satory pause can therefore account for that type of 
concealed bigeminy in which three conducted beats 
- occur between extrasystoles (quadrigeminal pattern). 


In concealed bigeminy, however, odd numbers of 
beats well in excess of 3 may occur between extra- 


systoles.!-? This series of experiments was designed 
- to study the detailed interrelations between coupling 


intervals and refractoriness, and to determine wheth- 


-er the change in refractory period duration evoked by 


. postextrasystolic beat. 


s 


Fa inser 


a compensatory pause persists beyond the immediate 


Methods 


"Two series of experiments were conducted in mongrel 
. dogs anesthetized with intramuscularly administered mor- 
phine sulfate, 2 mg/kg body weight, followed 30 minutes 
liter by chloralose, 75 mg/kg intravenously, dissolved in 
E inistbylene glycol. In each animal, a tracheal cannula was 
ted, and intermittent positive-pressure respiration 


zi was instituted. A transverse thoracotomy was performed at 


|. 
Rb 


" 4 


-— the level of the fourth intercostal space. 
A bipolar electrode catheter was introduced into the 


- right ventricular cavity in order to register the ventricular 


- electrogram. Bipolar needle stimulating electrodes were in- 
— serted into the anterior wall of the left ventricle. Blood 


- pressure was recorded from the left femoral artery by 


- means of a strain gauge (Statham, P23AA). The arterial 


blood pressure, right ventricular electrogram, the ventricu- 


- Jar pacing signal and the various computer outputs to be 
. described were recorded on an eight channel oscillograph 


— (Brush, Mark 200) and on analog magnetic tape (Honey- 
well, model 7600). 

Series I: concealed bigeminy: Experiments were con- 
- ducted in 10 dogs whose left ventricle was stimulated elec- 


E - trically on alternate sinus beats. The stimuli consisted of 3 
| msec square wave pulses with a voltage at least twice the 
— diastolic threshold level. The analog computer (EAI 580) 


| . 


- was programmed to measure the interval between ventricu- 


- Jar activations (that is, R-R interval) and to control the 

- time from the beginning of a QRS complex to the beginning 

Pf a stimulus delivered to the left ventricle (R-St interval). 
| - The R-St interval was preset initially to a value that would 


| B due a premature contraction with each stimulus. Then, 


this interval was decreased in a series of small steps, ap- 
_ proximately one per minute, until all stimuli were ineffect- 
. ual in evoking premature contractions. The R-R and R-St 


intervals were recorded on the oscillograph on a beat by 


- beat basis and also were displayed digitally to the nearest 


— millisecond. 


Series II: persistence of the effect of a change in 


— cycle length: In 14 dogs, the sinus nodal area was crushed 
by means of a clamp to decrease the spontaneous heart 


rate. The right atrium and right ventricle were paced syn- 


- chronously at a selected control frequency that was signifi- 


cantly greater than the spontaneous rate. The pacing stim- 
; nli were derived from the analog computer. The computer 
was programmed to deliver these pacing stimuli at a con- 


i - stant frequency for a preselected number of beats (usually 


— terval) for two consecutive ' 


E 


- 


50), and then to alter the interstimulus interval (St-St in- 
'experimental" beats. The ex- 
Berea i beats were arranged in one of two patterns. In 
approximately half of the instances, they consisted of a 


- control plus a long cycle, in order to study the effect of a 


— single prolonged cycle on the refractory period of subse- 


. quent beats. In the remaining instances, the experimental 
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beats consisted of a short and long cycle, in order to repro- 


duce the pattern observed in an extrasystole followed by a 
compensatory pause. 

The absolute refractory period for the ventricular myo- 
cardium was determined while the heart was being paced 
at the basic frequency by measuring the minimal R-St in- 
terval necessary to elicit a premature contraction, using a 
stimulus strength at least twice the diastolic threshold. The 
persistence of the effect of a single long cycle or of a combi- 
nation of a short and long cycle on the duration of the re- 
fractory period was then determined as follows: Stimuli 
were applied at the minimally effective R-St interval, as 
previously determined, during each of the basic beats im- 
mediately after the altered experimental cycles, until a pre- 
mature contraction was evoked. 


Results 
Series |: Concealed Bigeminy 


In the representative experiment portrayed in Fig- 
ure 1, stimuli were delivered to the left ventricle at 
exactly half the spontaneous sinoatrial nodal fre- 
quency. When these stimuli were delivered with an 
R-St interval (time from beginning of the R wave to 
beginning of the stimulus) of 318 msec or more, typi- 
cal ventricular bigeminy ensued; that is, each con- 
ducted beat was followed by a premature beat. This 
is illustrated in Figure 1A; the conducted beats are 
characterized by tall R waves, the premature beats by 
shert R waves. Stimuli that evoke ventricular extra- 
systoles are signified by dots. 

When the R-St interval was reduced to 310 msec, 
each stimulus was no longer capable of evoking a pre- 
mature response. In Figure 1B, it is apparent that 2 
of the 11 stimuli were ineffectual, an illustration of 
*concealed bigeminy." Here and in subsequent pan- 
els of this figure, R waves for the premature beats are 
short, those for the postextrasystolic beats are tall, 
and those for all other conducted beats are of an in- 
termediate height. The difference in R wave ampli- 
tudes between the postextrasystolic beats and the 
other conducted beats is ascribable to the change in 
loeation of the electrode catheter in the right ventric- 
ular cavity associated with the volume differences be- 
tween these two types of beats. 

Reduction of the R-St interval by another 5 msec 
(Fig. 1C) caused every third stimulus to be ineffec- 
tual. Hence, there was a regular alternation of bigem- 
iny and quadrigeminy, and the ratio of conducted to 
premature beats (CB/PB ratio) was precisely 2. 

When the R-St interval was diminished to 300 
msec (Fig. 1D), a regular quadrigeminy was evident; 
that is, alternate stimuli were ineffectual, and every 
fourth beat was premature. Quadrigeminy persisted 
until the R-St interval was reduced to just less than 
280 msec (Fig. 1E). Thus, over the range of R-St in- 
tervals from 280 to 300 msec, the CB/PB ratio was 
precisely 3. 

Relatively slight reductions in the R-St interval to 
less than 280 msec rendered more than half the stim- 
uli ineffectual (Fig. 1, F and G). As a consequence, 
the CB/PB ratio exceeded 3. The number of conduct- 
ed beats between contiguous premature beats was al- 
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FIGURE 1. Segments of records from a representative experiment in which one stimulus (St) was applied to the left ventricle on alternate sinus — 
beats. The R waves of the right ventricular electrogram are of three amplitudes: (1) the shortest R waves are premature depolarizations pro- — 
duced by the artificial stimuli; (2) the tallest R waves represent the conducted beats that follow compensatory pauses, and (3) the intermediate- — 
sized R waves represent the remaining conducted beats. The numbers below each segment represent the R-St intervals in milliseconds. The . 


dots below the stimulus event marks indicate stimuli that were effective in evoking premature responses. The time marker at the top of the fig- 


" 


ure indicates seconds. 


ways odd; 3 or 5 in Figure 1F, 13 in Figure 1G. This is 
a pathognomonic feature of concealed bigeminy.!-? 
At the R-St interval of 272 msec (Fig. 1G), the CB/ 
PB ratio varied with time, and averaged 6.3. Finally, 
reduction of the R-St interval to 271 msec or less 
caused all stimuli to be ineffectual, and no premature 
beats appeared (Fig. 1H). While panels F, G and H 
were being recorded, the digital display confirmed 
that the R-R intervals for the normally conducted 
beats were virtually constant; that is, they did not 
vary by more than 4 or 5 msec. 

A summary of the changes in the CB/PB ratio asa 
function of the R-St interval is plotted in Figure 2 
for this experiment. For R-St intervals of 318 msec 
and more, the ratio was 1, indicating a stable bigemi- 
nal rhythm. For R-St intervals of 280 to 300 msec, 
the ratio was 3, which characterizes a regular quadri- 
geminal rhythm. When the R-St interval was be- 
tween 300 and 318 msec, the ratio ranged from 3 to 1, 
and there was an appropriate admixture of bigeminy 
and quadrigeminy. When the interval was less than 
280 msec, the number of conducted beats between 
contiguous premature beats was three or more, but 
always an odd number. For intervals of less than 272 
msec, the stimuli were all ineffectual, and premature 
beats were absent. 

Similar experiments were conducted in a total of 
10 animals, and the results were qualitatively similar 
to those shown in Figures 1 and 2. However, the du- 
ration of the R-St interval at which certain specific 
changes were observed varied from animal to animal. 
'The composite data are depicted in Figure 3. The av- 
erage minimal R-St interval that evoked pure bigem- 
iny (CB/PB ratio 1) was 235 + 19 (mean + standard 
error of the mean) msec. The maximal R-St interval 
at which all stimuli were ineffectual was 203 + 16 
msec. Pure quadrigeminy (CB/PB ratio 3) occurred 
over a range of R-St intervals from a mean minimal 
value of 209 + 17 msec to a mean maximal value of 
227 + 19 msec. 
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FIGURE 2. The ratio of conducted beats (CB) to premature beats | 
(PB) as a function of the coupling interval between the R wave and - 
the artificial stimulus (the R-St interval in milliseconds) for the same - 


experiment shown in Figure 1. 
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FIGURE 3. The ratio of conducted beats (CB) to premature beats - 
(PB) as a function of the coupling interval between the R wave and - 
the artificial stimulus (R-St interval). The graph represents the aver- - 


age data from 10 dogs. 
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_ FIGURE 4. The effect of changes in cycle length on refractory peri- 

od in a representative experiment. The R waves are recorded from 
the right ventricular cavity. Pacing stimuli (P.St.) were applied simul- 
— taneously to the right atrium and right ventricle at an interstimulus 
— (St-St) interval of 400 msec for 50 beats, and then at variable inter- 
- vals for two “experimental beats," designated 1 and 2. After com- 
pletion of experimental cycle 2, the St-St interval of 400 msec was 
. resumed. After cycle 2, test stimuli (T.St.) were delivered to the left 
. ventricle after each R wave at an R-St interval of 158 msec, which 
. was the minimal interval that would consistently evoke premature 
beats when the St-St interval of the pacing stimuli was constant at 


— 400 msec. The durations of the ‘experimental beats" 1 and 2, re- 


- spectively, were as follows: panel A, 400 and 400 msec; panel B, 


. 400 and 600 msec, and panel C, 200 and 600 msec. The dots 


below T.St. indicate stimuli that evoked ectopic beats. The time 
.. marker at the top of the record indicates seconds. 


. Series Il: Persistence of Effect of a Change in Cycle 
. Length 

The results of a representative experiment from 
this series are shown in Figure 4. In this experiment, 
the analog computer was programmed to deliver pac- 
ing stimuli to the right atrium and ventricle at a basic 
interstimulus (St-St) interval of 400 msec for 50 
. beats, and then to deliver altered St-St intervals for 
_ the next two “experimental” cycles. Immediately 
- after the second experimental interval, test stimuli 
were delivered to the left ventricle for each subse- 
quent beat at a preselected R-St interval. The R-St 
. interval chosen was just sufficient to produce a pre- 
mature contraction consistently when the heart had 
been beating at the basic St-St interval for many 
beats. 

In Figure 4A, the St-St interval for the two experi- 
mental cycles was preset at 400 msec, which was pre- 
cisely the length of the basic St-St interval. Hence, 
heart rate remained constant throughout. Test stim- 
. uli were delivered at an R-St interval of 158 msec. It 
is evident that the first test stimulus evoked a prema- 
ture response, which in turn triggered a second test 
stimulus. This process initiated a brief ventricular 
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tachycardia that was terminated manually at the 
computer console. 

In Figure 4B, the effect of a single long cycle was 
ascertained. This was accomplished by setting the 
first experimental cycle at 400 msec (the basic cycle 
length), and the second experimental cycle at 600 
msec. After this long cycle, test stimuli were deliv- 
ered after each R wave at the same R-St interval 
(158 msec) used in Figure 4A. The first two test stim- 
uli were now ineffectual, but the third and subse- 
quent test stimuli were again effective in evoking 
ventricular contractions. Hence, the refractory period 
must have been prolonged for two cycles after the 
long experimental cycle. 

In Figure 4C, a combination of a short (200 msec) 
and a long (600 msec) experimental cycle was em- 
ployed. This combination mimicked a premature 
beat and compensatory pause, in that the sum of the 
two experimental cycles equaled the sum of two basic 
cycles. It is apparent from the figure that the first 
test stimulus after the long cycle was ineffectual, but 
the second and subsequent stimuli were effective. 
Thus, in this experiment, the combination of the 
short and long cycle prolonged the refractory period 
detectably for just one beat. 

Similar trials in this animal gave identical results, 
in that (1) test stimuli with an R-St interval of 158 
msec always produced a premature response with the 
first stimulus when the cycle length was not altered — 
that is, when the experimental and basic cycle 
lengths were all equal to 400 msec; (2) after a single 
long cycle of 600 msec, test stimuli with an R-St in- 
terval of 158 msec were not effective until the third 
beat after the long cycle; and (3) after a short cycle 
followed by a long cycle, the test stimuli became ef- 
fective one beat earlier. 

Experiments similar to that portrayed in Figure 4 
were conducted in a total of 14 dogs. The most com- 
mon basic cycle length was 400 msec, although St-St 
intervals of 300, 500 and 600 msec were also used. For 
single prolonged cycles, a variety of experimental cy- 
cle lengths from 600 to 1,000 msec were used. The 
first test stimulus after a prolonged cycle was never 
effective. In about half of the experiments, the sec- 
ond test stimulus was again effective, whereas in 
most of the remaining experiments, the third test 
stimulus became effective. Occasionally, the ventricle 
appeared to be refractory for four or more beats after 
a long experimental cycle. There was some tendency 
in a few experiments for the persistence of refractori- 
ness to vary with the length of the experimental 
cycle, but this tendency was not pronounced. Also, in 
the majority of experiments, there was no significant 
difference between the persistence of refractoriness 
after a single long cycle and that observed after a 
short plus long cycle. In a few experiments, there ap- 
peared to be a slight difference (Fig. 4). 


Discussion 


Genesis of coupled extrasystoles: There are two 
principal theories!-?!? accounting for the genesis of 


were -— 


coupled extrasystoles, of which concealed extrasys- 
toles comprise an important subtype. In the reentry 
theory, it is proposed that a zone of temporary refrac- 
toriness exists in some region of the heart, and there- 
fore the sinus impulse cannot activate this refractory 
zone. However, after traversing the neighboring tis- 
sue, the impulse enters the zone from another direc- 
tion after it has regained its excitability, and an ex- 
trasystole occurs. The second theory is that of ectopic 
enhancement. According to this hypothesis, a pro- 
tected pacemaker cell within the ectopic focus gener- 
ates an impulse periodically. When the ectopic pace- 
maker evokes a manifest response, it does so at a 
fixed coupling interval because of an enhancing effect 
of the preceding conducted impulse on the threshold 
or pacemaker potential of the ectopic pacemaker cell. 

Experimental model for reentry phenomenon: 
The experiments described herein do not help deter- 
mine the correctness of these two opposing theories, 
and were not designed to do so. However, our data 
are easier to interpret in terms of the reentry theory 
and, for convenience, we have utilized this theory ex- 
clusively. Thus, our experimental model consists of a 
zone of prolonged refractoriness and a reentry loop. 
'The refractory zone in our experiments is the pair of 
stimulating electrodes embedded in the left ventricu- 
lar wall. These electrodes are, of course, “refractory” 
to the normally conducted impulse. The analog com- 
puter circuit itself may be considered to represent 
the reentry loop. Immediately after the beginning of 
the normal R wave, the computer circuit is activated, 
and after a certain “propagation time" in this reentry 
path, the impulse returns to the stimulating elec- 
trodes. If the adjacent myocardium is then excitable, 
a premature contraction will ensue. 

Concealed bigeminy: Representing coupled ex- 
trasystoles in general as a reentry phenomenon, con- 
cealed bigeminy would involve a 2:1 block in the 
reentry path. Electrophysiologic evidence for a per- 
sistent 2:1 block in a depresssed segment of special- 
ized ventricular conducting tissue has recently been 
published.!! In all the experiments in series I, stimuli 
were generated on alternate sinus beats to simulate 
the 2:1 block in the postulated reentry path. 

Bigeminal rhythm: If the propagation time for 
the alternate impulses that do complete the reentry 
loop is sufficiently long, a bigeminal rhythm will 
occur (Fig. 1A). At an R-St interval (analogous to the 
propagation time) of 318 msec or longer in that ex- 
periment, all stimuli evoked premature contractions, 
and the ratio of conducted to premature beats was 1. 
The relations of the stimuli to the refractory periods 
are shown schematically in Figure 4A. 

Quadrigeminal rhythm: With shorter R-St inter- 
vals, the ectopic impulses were sometimes effective, 
and at other times they were not. For example, when 
the R-St interval was 300 msec (Fig. 1, D and E), 
only every other ectopic impulse was effective, and a 
quadrigeminal rhythm prevailed. Undoubtedly, the 
principal explanation for the failure of alternate ec- 
topic impulses to evoke premature beats is related to 
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FIGURE 5. The postulated changes in refractory period in the exper- 
iment depicted in Figure 1. The letters next to each panel refer to 
the corresponding panels in Figure 1. The widths of the taller square 
waves indicate the durations of the refractory periods (R.P.). The 


black bars at the bottom of each panel indicate the R—St intervals. 


The dots along the test stimulus (St) event marks signify stimuli that 3 
evoked premature beats (which are designated by the short square 


waves). 


the change in refractory period that accompanies a 


change in the length of the preceding cardiac cycle.5 9 - 
Any ectopic impulse that arrives after an R wave that _ 
terminates a normal cardiac cycle finds the myocar- 
dium responsive, and the premature contraction 
ensues. After a compensatory pause, the next ventric- 


ular activation is attended by a significant prolonga- 
tion of the refractory period. The subsequent ectopic 
impulse occurs during this augmented refractory pe- 
riod and is therefore ineffectual. The next ectopic im- 
pulse arrives two conducted beats later and, since the 
refractory period is shorter again, this stimulus is ef- 


fective. These cyclic alterations in the refractory pe- 


riod produce the characteristic 
rhythm. 

The relation between the refractory periods and 
the ectopic stimuli during a regular quadrigeminy is 
shown diagrammatically in Figure 5D,E. It is appar- 


quadrigeminal 


ent that the ectopic impulses that occur during the . 


postextrasystolic beats fall within the refractory peri- 
od, whereas the alternate impulses reach the myocar- 


dial cells after they have recovered their excitability. 5 


'The R-St intervals for all ectopic impulses are con- 


stant. From Figure 5, it is apparent that a regular 


quadrigeminal rhythm will prevail as long as the R- — 


St interval is less than the duration of the refractory 
period of the postextrasystolic beat but greater than 


that of the second beat after the postextrasystolic . 
contraction. Therefore, the length of the plateau in 


Figure 2 (for which the ratio of conducted to prema- 


ture beats is 3) measures the difference between du- | 


ration of the refractory period of the postextrasystol- 
ic beat and that of the second beat thereafter. 


Mixed bigeminy and quadrigeminy: The range $ 


of R-St intervals intermediate between those pro- 
ducing pure bigeminy and those causing pure quadri- 


geminy evoke mixed patterns of these two rhythms. 


Within this critical range of R-St intervals, higher | 
values produce mostly bigeminy with only occasional. 


concealment (Fig. 1B) but, as the R-St interval is di- 
minished, the incidence of concealment increases 
(Fig 1C). 

The shortest R-St interval that still produces pure 
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bigeminy measures the refractory period of the 
postextrasystolic beats during bigeminy. Therefore, 
the R-St intervals that result in CB/PB ratios be- 
tween 1 and 3 must exceed the refractory periods for 
some postextrasystolic beats but not for others. Ex- 
amination of Figure 5B,C, will elucidate this point. 
Whenever the R-St interval exceeds the refractory 
period of the postextrasystolic beat, a sequence of bi- 
geminy ensues; that is, there is no concealment. On 
the other hand, when the R-St interval is less than 
the refractory period of the postextrasystolic beat, 
concealment occurs (quadrigeminal pattern). Ran- 
dom variations in R-St intervals or in refractory pe- 
riods can produce such mixed patterns. However, the 
results of our study have furnished presumptive evi- 
dence that random variations do not account satis- 
 factorily for these observations. 
_ In the experiment shown in Figure 1, stimuli evok- 
ing manifest extrasystoles are indicated by dots, 
whereas the absence of a dot signifies concealment. If 
a purely random process were operating, then in a 
mixed pattern of bigeminy and quadrigeminy there 
should be some examples of a succession of bigeminy 
‘(no concealment) and some examples of a succession 
of quadrigeminy (concealment). However, even in 
much longer record strips than those shown in Figure 
1, B and C, sequences of bigeminy were regularly ob- 
served, but even two consecutive sequences of quad- 
rigeminy were never seen when the R-St interval was 
305 msec or greater. 
~ Cumulative effects on refractory period: The 
most likely explanation for the patterns displayed in 
Figure 1, B and C, is that the refractory periods of 
the postextrasystolic beats are not constant and a cu- 
mulative effect is operative. This hypothesis is pre- 
sented diagrammatically in Figure 5B,C, which rep- 
resent a segment of Figure 1C. It is postulated that 
after the first extrasystole following a single interval 
of concealment, the refractory period for the first 
postextrasystolic beat is not increased to its full ex- 
tent. If this postextrasystolic beat is followed by an- 
other extrasystole, then the subsequent compensato- 
ry pause will cause the refractory period of the fol- 
lowing postextrasystolic beat to be even longer than 
that of the preceding postextrasystolic beat. If this 
bigeminal pattern persists, the refractory period of 
the postextrasystolic beats will continue to increase 
for several bigeminal cycles until a steady state level 
is attained. This is analogous to the progressive 
change in myocardial refractory period in response to 
a step change in contraction frequency reported by 
Janse et al.8 Cumulative effects have also been ob- 
served in some of their preparations by Moore et al.? 
To illustrate the cumulative effect that we postu- 
late to operate during bigeminal sequences, the first 
stimulus in Figure 5B,C arrived before the end of the 
refractory period and hence did not evoke an extra- 
systole. The second stimulus occurred after the third 
normally conducted beat in a row. The refractory pe- 
riod was therefore short, and the second stimulus 
elicited an extrasystole. After the compensatory 


7n2 Navemher 1074 Tha Amarican laurnal af CARDIO NAY 


PARUT TS TT) Www 
1 ` : US 


TEE TONIN; moe EN TA OmU psc Sy A. Hi 
! - p - 


a e Rie E ee 


pause, the refractory period of the next beat was in- 
creased, but presumably not maximally. The dura- 
tion of the refractory period evidently did not exceed 
the R-St interval of the third stimulus because a 
manifest extrasystole occurred. The refractory period 
after the second compensatory pause must have been 
longer than that after the first because the next stim- 
ulus (fourth in Fig. 5B,C) was ineffectual. 

This effect of suecessive bigeminal extrasystoles 
probably cumulates over several beats before a 
steady state is attained. For example, in Figure 1B, 
the R-St interval was 5 msec longer than in the pre- 
ceding example just described (taken from Fig. 1C). 
A sequence of five successive bigeminal extrasystoles 
occurred (Fig. 1B) before the refractory period of the 
postextrasystolic beat was sufficiently prolonged to 
exceed this R-St interval of 310 msec, and hence to 
produce just one episode of concealment. Thereafter, 
another relatively long sequence of bigeminy ensued, 
the beginning of which is evident at the right end of 
Figure 1B. | 

In the graph shown in Figure 2, the curve is very 
steep to the left of the plateau for which the CB/PB 
ratio was equal to 3. This finding indicates that the 
lower R-St limits of the plateau (280 msec in this ex- 
ample) does not greatly exceed the minimal absolute 
refractory period for any of the conducted beats (271 
msec in this same example). Within this range of R- 
St intervals to the left of the plateau, the frequency 
of extrasystoles decreases rapidly as the R-St inter- 
val is reduced as reflected by the steep rise in the 
CB/PB ratio over this range of R-St intervals. 

CB/PB ratio of 3 or 5: In Figure 1F the R-St in- 
terval was slightly under the range for which the 
CB/PB ratio was 3. The response consisted of a series 
of extrasystoles separated by either three or five con- 
ducted beats. When only three conducted beats in- 
tervened between extrasystoles, the intermediate 
stimulus fell during the greatly prolonged refractory 
period of the postextrasystolic beat, and was there- 
fore concealed. However, when extrasystoles were 
separated by five conducted beats, two concealed 
stimuli were present in the interectopic interval. The 
reason for the unresponsiveness to the second of the 
two concealed stimuli is not certain. The second con- 
cealed stimulus occurred during the third beat after 
an extrasystole. In the second series of experiments: 
in our study, when a cardiac cycle was intentionally 
prolonged, the refractory period was invariably in- 
creased during the first beat after the pause, and the 
prolongation of refractoriness was frequently mani- 
fest during the nex: beat (Fig. 4B). However, pro- 
longed refractoriness was only occasionally manifest 
during the third beat after a pause, and rarely so dur- 
ing subsequent beats. 

Explanation for concealed extrasystoles with 
CB/PB ratios greater than 3: The hypothesis that 
a CB/PB ratio of 5 may be produced by a prolonga- 
tion of refractoriness persisting for three beats after a 
pause is portrayed in Figure 5F. The maximal pro- 
longation of the refractory period is shown during the 
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first beat, which represents a postextrasystole. The 
refractory period progressively diminishes with sub- 
sequent beats, but still slightly exceeds the R-St in- 
terval during the third conducted beat. The refracto- 
ry period continues to diminish toward its steady 
state value, and it is less than the R-St interval by 
the fifth conducted beat. Therefore, the next impulse 
- is effective, and an extrasystole is manifest. 

The other possible explanation for concealed ex- 
trasystoles with CB/PB ratios greater than 3 is that 
the R-St interval and the steady state refractory pe- 
riod for the conducted beats are virtually equal, and 
manifest extrasystoles occur on a random basis, 
whenever the R-St interval happens to exceed the re- 
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| fractory period. For example, in Figure 1G, 13 con- 


ducted beats lie between extrasystoles. Our series II 
experiments indicate that it is extremely unlikely 
that the compensatory pause after a given extrasys- 
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tole causes an increase in refractory period duration — 


that persists for 13 beats. Also, in clinical electrocar- - 


diograms of concealed bigeminy, odd numbers of 
consecutive conducted beats as high as 97 have been 
reported to occur between extrasystoles.!? The most 
reasonable explanation for such occasional manifest 
extrasystoles is that the propagation time, as simu- 


lated by the R-St interval, temporarily exceeds the : 


refractory period for reasons that have not been as- 
certained. 
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It is established that digitalis antagonizes the chronotropic effect of ad- 
renergic stimulation of the heart, and this finding suggests that the 
sympathetic nervous system does not play a significant role in ventric- 
ular arrhythmias produced by digitalis. However, this antagonism has 
been established by testing the response of the sinus nodal pacemaker 
to digitalis and adrenergic stimulation. Since clinically significant digi- 
talis-induced arrhythmias are ventricular in origin, the response of the 
ventricular pacemaker seems the more critical variable. To test this 
hypothesis, we applied two types of adrenergic stimulation before and 
after ouabain administration to anesthetized dogs with complete atrio- 
ventricular block. Ouabain in a dose of 40 g/kg caused no significant 
change in the increase in heart rate produced either by electrical stim- 
ulation of postganglionic sympathetic nerves or by isoproterenol ad- 
ministration. In 6 of the 12 dogs ventricular tachycardia developed 
after digitalis administration at levels of adrenergic stimulation that did 
not cause arrhythmia before the drug was given. These results indicate 
that digitalis does not affect the chronotropic response to adrenergic 
stimulation of ventricular pacemakers. Moreover, the heart exposed to 
digitalis appears to be sensitized to the arrhythmogenic effects of ad- 
renergic stimuli. 


A large body of experimental evidence suggests that activation of the 
sympathetic nervous system is a major cause of the ventricular ar- 
rhythmias induced by digitalis.!-* Digitalis produces excitatory ef- 
fects at several points in the chain of events that result in spread of 
sympathetic activity from the brain to the heart. T'hese effects occur 
in sympathetic brain centers,? pre- and postganglionic nerve fibers? 
and ganglia.9-5 However, this digitalis-induced neural hyperactivity 
may never exert significant effects on the heart since digitalis antago- 
nizes the cardiac response to sympathetic neural stimulation and to 
injection of catecholamines.9?-!! This antagonism has been demon- 
strated for the chronotropic response of sinus and atrioventricular 
junctional pacemakers to adrenergic stimulation. Therefore, sympa- 
thetic hyperactivity evoked by digitalis may be neutralized by a si- 
multaneous action of the drug resulting in beta adrenergic receptor 
blockade. 

Although antagonism of adrenergic effects has been demonstrated 
for sinus and atrioventricular pacemakers, the response of ventricular 
pacemakers has not been studied to our knowledge. Since most clini- 
cally important digitalis-induced arrhythmias are ventricular in ori- 
gin, the response of these pacemakers to adrenergic stimulation 
would seem the more critical variable. To test this hypothesis, we 
produced heart block in anesthetized dogs and studied the effects of 
digitalis on the chronotropic response to sympathetic neural stimula- 
tion and to isoproterenol. 
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TABLE | 


Effect of Ouabain on Heart Rate Responses to Postganglionic Sympathetic Neural Stimulation* 


——Ó—————————MMM € i ee 


Frequency of Stimulation (hertz) 
1 3 10 20 40 





Control increase 37 6.7 13.5 15.0 14.0 
+ 1.76 (3) + 2.0 (6) 4- 1.69 (6) 4- 1.65 (6) + 2.17 (5) 

Increase with ouabain, 1.0 6.3 15.7 15.8 15.4 
40 ug/kg + 0.82 (3) + 1.41 (6) + 1.60 (6) + 2.09 (6) + 2.66 (5) 


"vom uc E PE RM EMEN SMMM NEN M Eu eH soy 


* Increase in heart rate (beats/min) + standard error. 
Figures in parentheses indicate number of animals tested. 


Methods 


Twelve dogs, unselected as to age or sex and ranging 
from 14 to 25 kg in weight, were anesthetized by an intrave- 
nous injection of pentobarbital sodium (30 mg/kg). The 
trachea was cannulated and all animals were intubated 
with a respirator and ventilated with room air at rates of 20 
to 30/min and tidal volumes of 20 to 30 cc/kg. Body tem- 
perature was maintained between 36? and 37? C by an in- 
frared heating lamp. The jugular vein and the carotid ar- 
tery were cannulated for the purposes of administering 
drugs and recording arterial pressure, respectively. Both 
vagus nerves were sectioned in the midcervical region. The 
electrocardiogram was recorded from leads placed on the 
left front and rear legs. The electrocardiogram and arterial 
pressure tracings were recorded on a Beckman polygraph. 

Each dog's chest was opened in the midline and the peri- 
cardium incised. Complete heart block was produced using 
the technique of Steiner and Kovalik!? with injection of 0.1 
ml of 40 percent formaldehyde into the His bundle in the 
groove between the right atrium and the root of the aorta. 
In six animals, a lateral incision, made between the right 
third and fourth ribs and extending from the midline to the 
midaxillary line, allowed easy access to the right cardiac 
sympathetic ganglia. The sympathetic trunk above and 
below the ganglia was isolated and completely decentral- 
ized from the level of the stellate ganglion to the fourth 
thoracic segment. A bipolar electrode was placed on the 
postganglionic nerves emerging from the sympathetic gan- 
glion. Electrical stimulation was performed using a Grass 
stimulator. Supramaximal square wave pulses of 4 msec in 
duration at frequencies of 0.3 to 40/sec were used. To ob- 
tain maximal response, the stimulus strength ranged from 
8 to 40 v. Each frequency was applied for 30 seconds, since 
this proved to be a duration long enough to give a steady 
state response. The electrodes were covered with pledgets 
saturated in mineral oil. In the remaining six dogs, adrener- 
gic stimulation of the heart was performed by administer- 
ing isoproterenol intravenously over 5 seconds in doses 
ranging from 0.01 to 3.0 ug/kg. 

Reproducible heart rate responses either to sympathetic 
neural stimulation or to isoproterenol injections were ob- 
tained before the effects of digitalis were studied. The digi- 
talis preparation used was ouabain, which has been re- 
ported to modify the response of cardiac adrenergic recep- 
tors to sympathetic neural stimulation and to catechol- 
amines.!! It was administered by rapid intravenous injec- 
tions of 40 ug/kg, followed by subsequent injections of 10 
ug/kg; the interval between doses was approximately 35 
minutes (range 30 to 40 minutes). 

The data were evaluated by paired and grouped compar- 
isons using Student's t test.!? The criterion for significance 
was P «0.05. 
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The following drugs were used: ouabain octahydrate 
(Sigma Chemical Company, St. Louis, Mo.); l-isoproterenol 


bitartrate (Sigma Chemical Company, St. Louis, Mo.); d,l- - 


propranolol hydrochloride (courtesy of Ayerst Laborato- 


ries, Inc., New York, N. Y.); and pentobarbital sodium (Ab- . 


bott Laboratories, North Chicago, Ill.). Doses of drugs were 


calculated and administered as either the respective oc- — 


tahydrate or the respective salt. 


Results 
Control 


The effect of ouabain on the response of ventricu- - 


lar pacemakers to adrenergic stimulation was tested 
in 12 dogs with complete atrioventricular block and 
an idioventricular rate of 30 to 60 beats/min (average 


base rate 45.2 + 2.50 [standard error] beats/min). Be- . 
fore ouabain administration, electrical stimulation of | 


the right postganglionic cardiac sympathetic nerves 
increased the ventricular rate by a maximum of 15.0 
+ 1.65 beats/min; this occurred with a stimulation 
frequency of 20 hertz (Table I). A stimulation fre- 
quency of 40 hertz did not increase the rate further, 
indicating that a ceiling had been reached. The first 


detectable effect occurred at frequencies of 1 or 3 | 


hertz. Figure 1 graphically displays the results of one 


experiment and also shows the typical heart rate re- 
sponses obtained in another experiment in which © 


electrical stimulation of the right postganglionic car- 
diac sympathetic nerves was performed before heart 
block. The contrast between the two sets of results is 


apparent. The increases in rate induced by neural - 


stimulation after heart block are small relative to 
those attained before heart block, and the maximal 


rate of the ventricle after block was only a quarter of — 


that attained before block. 


Ouabain 


The effect of ouabain, 40 ug/kg, on the ventricular — 


pacemaker response to neural stimulation was stud- 
ied in six dogs (Table I). This dose had no statistical- 
ly significant effect on the idioventricular base rate. 


Likewise, no difference in the heart rate response to — 


neural stimulation was observed after administration 


of ouabain. However, in two animals, ventricular 


tachycardia (an incremental increase in heart rate as- | 


sociated with a change in QRS configuration) oc- 
curred during stimulation, reverting to a stable idio- 
ventricular rate when neural stimulation was termi- 
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_ FIGURE 1. Increase in heart rate with postganglionic sympathetic 


neural stimulation in one dog before heart block (closed circles) and 

_ in another dog after heart block (open circles). The circles con- 
nected by lines indicate the maximal heart rates achieved after neu- 
ral stimulation; unconnected circles show contro! heart rates. 


- nated. In one of these experiments, before adminis- 


mage 


tration of ouabain, a 10 hertz stimulus increased the 
heart rate by 14 beats/min to a peak rate of 48 beats/ 


min (Fig. 2B). After ouabain administration, the 


heart rate increased smoothly from 30 to 45 beats/ 
min, then abruptly jumped to 88 beats/min with a 


—shift in pacemaker site (Fig. 2D). Within seconds 
— after neural stimulation was terminated, the heart 


rate decreased abruptly to 27 beats/min and re- 
mained stable (Fig. 2E). In a similar experiment, a 10 


! hertz stimulus increased the heart rate from 45 to 65 


beats/min before ouabain administration, whereas 
the same stimulus increased the heart rate from 40 to 
135 beats/min after ouabain administration. Neither 
ventricular tachycardia nor an abrupt increase in 
heart rate was observed in the six dogs before oua- 
bain administration. 


Isoproterenol 


wn n" 


. The effect of ouabain on the response of the ven- 
tricular pacemaker to injected isoproterenol was 
studied in the other six dogs. Before ouabain admin- 
istration, isoproterenol was found to increase the 
ventricular rate by a maximum of 21.0 + 6.99 beats/ 
min; this usually occurred with a dose of 1.0 ug/kg 
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FIGURE 2. Effects of ouabain on the response of the ventricular 
pacemaker to postganglionic sympathetic neural stimulation. Elec- 
trocardiograms (ECG) and blood pressure (BP) tracings obtained be- 
fore neural stimulation (A), during stimulation at 10 cycles/sec (Hz) 
(B), after ouabain administration but before neural stimulation (C), 
during neural stimulation (D) and 45 seconds after termination of 
stimulation. H.R. — heart rate (beats/min). 


(Table II). A 3-fold larger dose did not increase the 
rate further, indicating that a ceiling had been 
reached by the dominant pacemaker. However, in 
contrast to the chronotropic response seen with neu- 
ral stimulation, large doses of isoproterenol (1 to 3 
ug/kg) sometimes produced an abrupt and incremen- 
tal increase in rate with a shift in pacemaker site 
(Fig. 3). 

The first detectable rate effect occurred with a 
dose of 0.01 ug/kg, and the chronotropic responses to 
several different doses of isoproterenol are summa- 
rized in Table II. Responses obtained from a single 
experiment before and after heart block are shown 
graphically in Figure 3. As in the case of neural stim- 
ulation, the increases in heart rate produced by iso- 
proterenol after heart block were small relative to 
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TABLE Il 
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Effect of Ouabain on Heart Rate Responses Produced by Isoproterenol* 


0.01 0.03 
Control increase 4.2 7.5 
+ 0.75 (6) + 1.05 (6) 
Increase with ouabain, 3.4 7.8 
40 ug/kg + 0.67 (5) + 1.56 (6) 


* Increase in heart rate (beats/min) + standard error. 
Figures in parentheses indicate number of animals tested. 
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FIGURE 3. Increase in heart rate with isoproterenol administration in 
the same dog before (closed circles) and after heart block (open 
circles). The circles connected by lines indicate the maximal heart 
rates achieved after isoproterenol administration; unconnected cir- 
cles show control heart rates. The dotted vertical arrow denotes 
that a new pacemaker has assumed control in association with an 
incremental increase in heart rate. 


those attained before heart block, and the maximal 
rate reached by the stable idioventricular pacemaker 
before isoproterenol administration was only a frac- 
tion of that reached by the ventricle before block. 


Isoproterenol After Ouabain 


The results obtained with isoproterenol after oua- 
bain administration are summarized in Table II. As 
in the previous experiments, ouabain administration 
had no statistically significant effect on the idioven- 
tricular base rate. Likewise, no significant difference 
in the rate response to isoproterenol was observed 
after ouabain administration. However, in four of the 
six animals ventricular tachycardia developed with 
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Dose of Isoproterenol (ug/kg) 











0.1 0.3 1.0 3.0 
12.5 15.2 21.0 15.2 
+ 2.86 (6) + 2.79 (6) + 6.99 (6) + 3.06 (4) 
16.8 21.3 17.0 15.0 (2) 
+ 4.03 (6) + 4.02 (6) + 2.63 (5) 
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FIGURE 4. Effects of ouabain on the response of the ventricular 
pacemaker to isoproterenol. Electrocardiogram (ECG) and blood 
pressure (BP) tracings obtained before isoproterenol administration 
(A), 45 seconds after isoproterenol administration (B), after ouabain 
administration but before isoproterenol administration (C), and 25 
seconds (D) and 3 minutes (E) after isoproterenol administration. 
H.R. — heart rate (beats/min). 
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doses of isoproterenol that caused no ventricular 
tachycardia before ouabain administration. In one of 
these experiments, during the control period, admin- > 
istration of 3.0 ug/kg of isoproterenol increased the 
rate from 41 to 58 beats/min (Fig. 4B). After ouabain, 
this dose produced a smooth and gradual increase in 
the rate from 45 to 62 beats/min, followed by a brief 
period of ventricular fibrillation (Fig. 4D). Within a 
few seconds, fibrillation spontaneously reverted to a 
tachycardia that persisted for a few minutes before 
the original pacemaker resumed control (Fig. 4E). 
Ventricular tachycardia induced by isoproterenol 
progressed to fatal ventricular fibrillation in two of 
the four animals. The two animals that did not ex- 
hibit arrhythmias with isoproterenol after adminis- 
tration of 40 ug/kg of ouabain were given an addition- 
al dose of 20 ug/kg of isoproterenol. In both, adminis- 
tration of the drug led to ventricular tachycardia that 
disappeared within a few minutes, thus indicating 
that the arrhythmia was due to the combined effects 
of ouabain and isoproterenol, and not to ouabain 
alone. 


Propranolol After Ouabain Intoxication 


Six of the 12 dogs studied were given additional 
ouabain to produce ventricular tachycardia and to 
test the efficacy of propranolol as therapy for the ar- 
rhythmia. The ventricular rates in these digitalis-in- 
toxicated animals ranged from 136 to 185 beats/min 
(average 171 + 7.1 beats/min). Intravenous adminis- 
tration of propranolol, 0.5 mg/kg, abolished the ven- 
tricular tachycardia in four of the six dogs studied; 
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Figure 5 shows a representative experiment. Pro- 
pranolol administration in this animal slowed the 
ventricular rate from 182 to 20 beats/min (Fig. 5, C 
and D). An apparent shift in the pacemaker site also . 
occurred, as indicated by the altered configuration of 
the QRS complex after propranolol administration. 
The ventricular tachycardia of the remaining two 
dogs was not influenced by propranolol, even though 
an additional 0.5 mg/kg was administered. 


Discussion 


The purpose of our study was to determine wheth- 
er digitalis alters the response of the ventricular 
pacemaker to adrenergic stimulation. The results in- 
dicate that the digitalis preparation ouabain exerted 
no significant effect on the response of the idioven- 
tricular pacemaker to either sympathetic postgan- 
glionic neural stimulation or to intravenously admin- 
istered isoproterenol, provided that no shift in ven- 
tricular pacemaker occurred during adrenergic stim- 
ulation. However, in 6 of the 12 dogs studied, ventric- 
ular tachycardia (an abrupt incremental increase in 
heart rate associated with a change in QRS configu- 
ration) developed at levels of adrenergic stimulation 
that did not cause this arrhythmia before digitalis. 
These data suggest that near-toxic doses of ouabain 
sensitized the ventricle to the effect of adrenergic 
stimulation. 

Our results are at variance with the well estab- 
lished effect of digitalis on the chronotropic response 
of sinoatrial and atrioventricular pacemakers to ad- 
renergic stimulation. With supraventricular pace- 


FIGURE 5. Effects of propranolol on ouabain-induced 
ventricular tachycardia in a dog with heart block. Elec- 
trocardiogram (ECG) and blood pressure (BP) tracings 
obtained before ouabain administration (A), after ad- 
ministration of 50 g/kg of ouabain (B), and 2 minutes 
(C) and 4 minutes (D) after administration of 0.5 mg/ 
kg of propranolol. H.R. = heart rate (beats/min). 


708 November 1974 The American Journal of CARDIOLOGY Volume 34 


makers, digitalis antagonizes the effects of adrenergic 
stimulation.?-! It is not necessarily surprising that 
supraventricular and ventricular tissues respond dif- 
ferently to digitalis, since they differ in their re- 
sponse to other physiologic and pharmacologic stim- 
uli. For example, supraventricular cardiac cells are 
exquisitely sensitive to the effects of acetylcholine, 
whereas ventricular cardiac cells are relatively refrac- 
tory.!^ Activation of cardiac sympathetic nerves ex- 
erts profound effects on atrioventricular conduction 
velocity, but does not significantly alter conduction 
velocity in Purkinje tissues.!? In recognition of these 
differences, Moe and Han! concluded that “there is 
no reason to demand that the actions of digitalis 
should be more consistent than those of the physio- 
logical mediators, whether or not they interact." 

The effect of digitalis on the chronotropic response 
of ventricular pacemakers to adrenergic stimulation 
has not previously been demonstrated to our knowl- 
edge. However, the sensitization of the heart to the 
development of ventricular tachycardia with adrener- 
gic stimulation has been suggested by experimental 
models. In dogs with sinus rhythm exposed to near- 
toxic doses of digoxin, isoproterenol evokes self-re- 
verting ectopic arrhythmias; if digitalis-induced ar- 
rhythmias are already present, isoproterenol causes 
further deterioration including the development of 
ventricular fibrillation." In cats with sinus rhythm 
exposed to subarrhythmic doses of ouabain, both 
sympathetic neural stimulation and isoproterenol 
precipitate self-reverting arrhythmias not seen before 
ouabain.!? These results are consistent with the sen- 
sitization to ventricular tachycardia by digitalis dem- 
onstrated in our experiments in dogs with heart 
block. 


Mechanism of Adrenergically Induced Ventricular 
Arrhythmias After Digitalis Administration 


The mechanism by which digitalis sensitizes the 
ventricle to adrenergically induced arrhythmias is 
not clear from our study. Arrhythmias developing 
with adrenergic stimulation after—but not before— 
digitalis administration appeared to be similar to 
those produced by excessive doses of isoproterenol 
alone. When increasing doses of isoproterenol were 
administered before ouabain, dose-related gradual 
increases in ventricular rate occurred until a peak 
rate or ceiling was reached. Further response beyond 
this ceiling (that is, a rate of about 60 to 64 beats/ 
min) appeared as an abrupt incremental increase as- 
sociated with a change in QRS configuration (ven- 
tricular tachycardia). 

The graded increase induced by isoproterenol pre- 
sumably represents an enhancement of Purkinje cell 
automaticity; the presence of a ceiling in response to 
isoproterenol suggests that individual pacemaker 
cells have a maximal rate of depolarization. Other in- 
vestigators have demonstrated that the ventricular 
pacemaker is progressively accelerated by adrenergic 
stimulation to a maximal rate of about 70/min.!9.20 A 
similar result has been shown in isolated Purkinje fi- 
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bers, in which epinephrine and isoproterenol increase 
the firing rate to only about 70 to 90 beats/min.?!,22 
Since a ceiling exists for the effects of catecholamines 
on automaticity, the incremental jump in rate with a 


change in QRS configuration seen in our experiments - 


DIGITALIS AND ADRENERGIC STIMULATION—PEARLE AND GILLIS - 


suggests that reentry was occurring and was responsi- - 
ble for the arrhythmia. Sensitization of the heart to 


adrenergically induced reentrant arrhythmias by dig- - 


italis may be due to the well known effect of the gly- 
coside on intraventricular conduction velocity.?? 
Thus, both adrenergic stimulation and digitalis may 
alter electrical activity to favor reentry. 

Whereas the sympathetic nervous system and iso- 
proterenol exert their effects by way of the beta re- 
ceptor, the digitalis effect may or may not be mediat- 


ed by an action at this site. Digitalis may act to sensi- | 


tize the beta receptor directly; alternatively, it may - 


act by another mechanism (a direct cellular mem- 
brane effect, for example) that favors the develop- 


= 


ment of reentry at a level of beta receptor stimulation - 


that did not previously cause arrhythmia. 


Sympathetic nervous system response to digi- — 


talis: The results of our experiments complete a com- 


prehensive picture of the sympathetic nervous sys- — 


tem response to digitalis. The drug excites central - 


sympathetic, as well as vagal and respiratory, centers, 


causing important increases in cardiac autonomic - 


and phrenic neural activity.??^ Digitalis excites sym- 


pathetic ganglia, resulting in amplification of pregan- — 


glionic activity.’ It leads to recruitment of both pre- 


and postganglionic sympathetic nerve fibers.? Thus, - 


at all levels of the sympathetic nervous system from 
brain to ventricle, digitalis has excitatory effects. Our 
results indicate that this increased neural activity is 


associated with an increase in the responsiveness of — 


the critical end organ—the ventricle—to the arrhyth- 
mogenic effects of sympathetic drive. These results 
lend further support to the importance of the sympa- 
thetic nervous system in the cardiotoxic effects of 
digitalis. 


Action of Antiarrhythmic Drugs 
Beta blockade with propranolol: A major role of 


the sympathetic nervous system in digitalis-induced — 
arrhythmias suggests that drugs that antagonize ad- . 
renergic effects have antiarrhythmic efficacy. Pro- . 
pranolol has both beta blocking and nonspecific . 


quinidine-like effects, but the latter are manifested 


only at larger doses than those utilized clinically.” In | 


our experiments, we administered propranolol in 
beta adrenergic blocking doses (0.5 mg/kg) too small 
to have quinidine-like efficacy!? to six dogs with per- 


sistent ventricular tachycardia induced by ouabain . 


and adrenergic stimulation. In four of the six dogs, 


the ventricular tachycardia was resolved, with the © 


rate decreasing from 171 + 7.1 to 31 + 10.4 beats/ 
min. Successful treatment of digitalis-induced ven- 


tricular tachycardia by beta blocking doses of pro- — 


pranolol has been previously reported in another ex- 
perimental model.!? The effectiveness of propranolol 


-- 


+. * = 


in four of six dogs in our experiments may be further | 
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evidence of sympathetic involvement in the arrhyth- 
mia produced by digitalis. 

Antagenists of sympathetic nervous system: 
The sympathetic nervous system can be antagonized 
at other levels than the beta receptor, and such an- 
tagonism may have important antiarrhythmic effects. 
Drugs such as diphenylhydantoin,?9 clonidine?’ and 
chlordiazepoxide”® have been shown in experimental 
animals to convert digitalis-induced ventricular ar- 
rhythmias to sinus rhythm, presumably by de- 
pressing central sympathetic neural activity. Indeed, 
sleep has been shown to decrease the frequency of 
premature ventricular contractions,?? perhaps by the 
same mechanism. Complete blockade of autonomic 
ganglia by administration of the combination of hex- 
-amethonium and atropine increases the dose of digi- 
talis required to produce ventricular arrhythmias.? 
Pretreatment with drugs that prevent the release of 
‘catecholamines from adrenergic nerve terminals, 


| | 


1. Roberts J: Pharmacologically induced depression of adrenergic 
nervous activity in the heart, Section VII. In, Factors Influencing 
Myocardial Contractility (Tanz RD, Kavaler F, Roberts J, ed). 

| New York, Academic Press, 1967, p 489 

— 2. Levitt B, Raines A, Sohn YJ, et al: The nervous system as a 

— — Site of action for digitalis and antiarrhythmic drugs. J Mt Sinai 

| Hosp NY 37:227-240, 1970 
3. Gillis RA, Raines A, Sohn YJ, et al: Neuroexcitatory effects of 
digitalis and their role in the development of cardiac arrhyth- 
mias. J Pharmacol Exp Ther 183:154—168, 1972 
4. Smith TW, Haber E: Digitalis. N Engl J Med 289:945-952, 1973 
5. Ten Eick RE, Hoffman BF: The effect of digitalis on the excita- 
bility of autonomic nerves. J Pharmacol Exp Ther 169:95- 108, 
1969 
6. Konzett H, Rothlin E: Effect of cardioactive glycosides on a 
. sympathetic ganglion. Arch Int Pharmacodyn Ther 89:343-352, 
i 1952 
— 7. Perry WL, Reinert J: The action of cardiac glycosides on auto- 
" . nomic ganglia. Br J Pharmacol Chemother 9:324-328, 1954 
8. Levitt B, Jolson H, Gillis RA: The effect of ganglionic blockade 
» on the cardiotoxicity produced by deslanoside (abstr). Phar- 
macoiogist 15:193, 1973 
9. Mendez C, Aceves J, Mendez R: Inhibition of adrenergic cardi- 
ac acceleration by cardiac glycosides. J Pharmacol Exp Ther 

| 131:191— 198, 1961 

10. Nadeau RA, James TN: Antagonistic effects on the sinus node 
of acetylstrophanthidin and adrenergic stimulation. Circ Res 13: 
388-391, 1963 

11. Roberts J: The effects of ouabain on cardiac acceleration in- 
duced by nerve stimulation and isoproterenol. Eur J Pharmacol 
13:1-9, 1970 

12. Steiner C, Kovalik TW: A simple technique for production of 
chronic complete heart block in dogs. J Appl Physiol 25:631- 
633, 1958 

13. Dixon WJ, Massey FJ Jr: Introduction to Statistical Analysis. 
New York, McGraw-Hill, 1969, p 95-126 

14. Hoffman BF, Suckling EE: Cardiac cellular potentials; effect of 
vagal stimulation and acetylcholine. Am J Physiol 173:312-320, 
1953 

15. Wallace AG, Troyer WG, Lesage AM, et al: Electrophysiologic 

-~ effects of adrenergic stimulation and blockade in awake ani- 
mals. Circ Res 18:140—148, 1966 

16. Moe GK, Han J: Digitalis and the autonomic nervous system. In, 
Digitalis (Fisch C, Surawicz B, ed). New York, Grune & Stratton, 
1969, p 117 


710 November 1974 The American Journal of CARDIOLOGY 


.AND GILLIS © 


. Volume 34 


such as B-TM 10 (2[2,6 dimethylphenoxypropyl]-tri- 
methyl-ammonium),??  bretylium tosylate?! and 
guanethidine,?? antagonizes the arrhythmogenic ef- 
fect of digitalis. Pretreatment with drugs such as re- 
serpine that deplete tissue catecholamines also di- 
minishes the capacity of digitalis to induce ventricu- 
lar arrhythmias.?9 

Therefore, drugs that antagonize the sympathetic 
nervous system may have unsuspected and clinically 
important antiarrhythmic effects. Moreover, widely 
used antiarrhythmic agents such as lidocaine may 
have hitherto undocumented effects on the sympa- 
thetic nervous system that account at least in part for 
their efficacy. 
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Years of research and clinical applica- 
tion have proven the Millar MIKRO-TIP * 
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negligible hysteresis. Catheter Tip 
Transducers are essential for any 
studies where accurate analyses of 
pressures and pressure waveforms are 
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tives of pressure waveforms are to be 
computed. 


Millar MIKRO-TIP* Catheter Pressure 
Transducers are available in a variety of 
French sizes with one, two or three sen- 
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Single Sensor Transducers with lumen 
suitable for high speed injection in 
angiocardiographic studies are also 
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Transducer Control Units are available for interfac- 
ing with most recorders or display systems. 
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* INDICATIONS 

Based on a review of a related drug by the National 
Academy of Sciences—National Research Council 
and/or other information, FDA has classified the 
indications as follows: 


Sublingual “Probably” effective: 
For the treatment of acute anginal attack and for 
prophylaxis in situations likely to provoke such 


attacks. 

Oral “Possibly” effective: 

For the relief of angina pectoris. Itis not intended 
to abort the acute anginal episode, but is widely 
regarded as useful in the prophylactic treatment 
of angina pectoris. 

Final classification of the less-than-effective 
indications requires further investigation. 





CONTRAINDICATIONS: Idiosyncrasy to this drug. 


WARNINGS: 

Data supporting the use of nitrates during the early 
days of the acute phase of myocardial infarction (the 
period during which clinical and laboratory findings 
are unstable) are insufficient to establish safety. 


PRECAUTIONS: 

Intraocular pressure is increased; therefore, caution 
is required in administering to patients with glaucoma. 
Tolerance to this drug, and cross-tolerance to other 
nitrites and nitrates may occur. 


ADVERSE REACTIONS: 

Cutaneous vasodilation with flushing. 
Headache is common and may be severe and persistent. 
Transient episodes of dizziness and weakness, as well 
as other signs of cerebral ischemia associated with 
postural hypotension, may occasionally develop. 

This drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine, and many 
other agents. 

On occasion an individual may exhibit marked 
sensitivity to the hypotensive effects of nitrate, and 
severe responses (nausea, vomiting, weakness, 
restlessness, pallor, perspiration and collapse) can 
occur even with the usual therapeutic dose. Alcohol 
may enhance this effect. Drug rash and/or exfoliative 
dermatitis may occasionally occur. 


Please see package insert for full prescribing information. 


basic therapy for 
angina* from 
Cooper Laboratories 


ISDN sosorbide dinitrate) 


LAANA n 





introducing 






'4] [i 


Sosorpide dinitrate 


(oral tablets 5 mg. or 10 mg. and sublingual tablets 2.5 mg. or 5 mg.) 


basic therapy for angina* 
from Cooper Laboratories 


e Provides relief for the patient — established response with nitrate therapy. 





e Helps reduce the frequency and severity of angina attacks. 
e Increases symptom-free time — when patient adheres to therapeutic regimen. 
* Heduces the need for nitroglycerin. 


e More economical for patient. 
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The Roche Mobile Computerized 
ECG Station contains its own 
minicomputer, recorder, and 
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quantitative data and analysis at the same time 
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Cart and ECG input 


printout based on the widely electrically isolated 

accepted USPHS program 

within three minutes after 

readings are taken. single panel controls 
full 12-lead capacity 


There is a high degree of 
patient safety. Also, the Roche 
Station signals the operator 
immediately when tracings are 
being taken incorrectly or are 
of poor quality; it identifies 
interpretations that may be 
incomplete or equivocal. 


The Roche Mobile Station 

offers considerable savings over 
telephone tie-in ECG systems 
and yet avoids the extensive 
investment required for a 
dedicated central computer. 
Economic feasibility studies and 
additional information are 
available from Roche. 


1. Hochberg, H. M. etal.: Automatic electro- 
cardiogram analysis in rapid mass screening 
Arch. Environ. Health 15:390-398, 1967. 
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Thrombe 
embolism 


The Silent Threat 


“Thrombotic phenomena now occupy first 
place as a complicating factor, if not the 
cause, of mortality as determined in all autopsy 
series in the United States today. Thrombotic 
disease has become an increasingly impor- 
tant cause of disability and death as infectious 
diseases have responded to chemotherapy 
and as public health measures have become 
increasingly effective.” 


Contributing to the seriousness of the problem 
is the fact that “At present there is no satisfac- 
tory technique for the recognition in man of the 
incipient or active thrombotic state." There 
are, however, a number of factors which are 
known to predispose to thrombus formation 
and potentially fatal embolism. Recognition of 
these factors, plus the application of adequate 
prophylactic and therapeutic measures, could 
contribute significantly toward decreasing the 
morbidity and mortality caused by the silent 
threat. 





The population at risk 


Although such modern techniques as 
isotopic lung scanning, the radioactive 
fibrinogen uptake test, and the Doppler 
ultrasound flow detector show promise 
of permitting early detection of 
thrombus formation, it is generally 
agreed that these methods are not 
completely accurate as diagnostic 
tools, nor are they practical for large- 
scale patient screening. As a result, 
most physicians rely on the presence 
of known predisposing factors as a 
means of identifying patients who are LN 
especially prone to venous thrombosis an PP 
and pulmonary emboli. 





The high risk groups 


As one authority has noted, these high 
risk "...groups include severely injured 
patients, particularly those over age 50 
who have fractures of the pelvis, hip, or 
lower extremities; those undergoing 
elective cup arthroplasty or pelvic 
surgery; those immobilized or com- 
pletely bedridden; those with a pre- 
vious history of venous thrombosis or 
pulmonary embolism; those with 
severe obesity or congestive heart fail- 
ure, or any combination of the above 
categories. '* 


Myocardial infarction: 

a special high risk category 
Patients with acute myocardial infarction 
comprise another high risk group, espe- 
cially if they have "...large transmural 
infarctions, previous infarction or angina, 
severe hypotension or shock, congestive 
heart failure, chronic atrial fibrillation, or 
past history of venous thrombosis or 
embolism.’ 


Therapy to lessen the risk 


In patients with conditions known to predispose 
them to thrombosis and potentially fatal pulmonary 
embolism — the high risk groups — the use of anti- 
coagulant therapy can be of significant benefit. As 
one investigator recently remarked: "If [the physi- 
cian] believes that the risk of embolism is high he 
should use the only proved form of prevention, 
anticoagulation.” 


With special regard to pulmonary embolism, it has 
been noted that “...a pulmonary infarct proves the 
existence of intravenous thrombosis and should 
be considered as a warning of possible further 
emboli. It is generally accepted that diagnosis of 
pulmonary infarction justifies the immediate appli- 
cation of anticoagulant therapy. Heparin is usually 
used initially, then oral anticoagulants (most com- 
monly warfarin). The length of such therapy is 
often arbitrary, averaging four to six weeks, but 
depends on the extent and chronicity of the 
venous disease, whenever these can be deter- 
mined.” ‘ 


Myocardial infarction: 
a special case 
for longer term therapy 


Following acute myocardial infarction patients are 
especially prone to such thromboembolic compli- 
cations as mural and venous thrombosis and pul- 
monary and systemic emboli. The increased risk is 
due to reduced cardiac output, reduced arterial 
perfusion of the limbs, hypercoagulability (in the 
presence of cardiac ischemia), and venous pool- 
ing in the lower limbs — all of which may induce 
venous stasis leading to potentially fatal thrombus 
formation and embolization. 


Because of the great risk of thromboembolic 
complications after myocardial infarction, anti- 
coagulant therapy is widely recommended. As 
noted in a recent study, “...an excellent case can 
be made for the use of anticoagulants for the 
prevention of thromboembolic complications [fol- 
lowing acute myocardial infarction]. ^ 





With regard to duration of therapy, although there 
is no consensus, it is generally agreed that anti- 
coagulants should be given for as long as observ- 
able benefits persist. In a study of 735 myocardial 
infarction patients treated with COUMADIN or 
another coumarin derivative: "Results indicate that 
anticoagulant therapy reduces the death rate sig- 
nificantly during the first three years after an acute 
myocardial infarction. However, survival rates con- 
verge after the third year, and by the fifth year 
there is no difference in survival of treated and 
untreated groups. Therapy appeared to be more 
effective in patients who had experienced more 
than one infarction. The incidence of recurrent 
infarction and congestive heart failure was less in 
the group treated with anticoagulants: * 


Another investigator expressed his opinion on the 
duration of therapy by remarking that "...male 
patients on anticoagulants during the acute phase 
of myocardial infarction can logically be kept on 
them for 2 or 3 years when feasible. Such treat- 
ment can be recommended especially to men 
under age 55 and to men who have had a 
previous history of angina pectoris, myocardial 
infarction, or both, since they are the ones most 
likely to benefit.’ 
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sodium warfarin) 


*present as crystalline sodium warfarin isopropanol clathrate 
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genitourinary or respiratory tracts; (2) cerebro- 
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ions; (5) subacute bacterial endocarditis. Threat- 
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based upon clinical judgment in which the risk of 
eo anticoagulants is weighed against the risk of 
)r embolization in untreated cases. The following may be 
with increased risk of hemorrhage: Pregnancy — ora! 
>z pass through the placental barrier, and the danger of 
) the fetus exists even to the point of fatal hemorrhage 
n in the accepted therapeutic range of maternal 
F level. Close observation and laboratory control are 


















































nd cause a ‘prothrombinopenic State in the nursing infant. 

longed dietary deficiency (cachexia, vitamin K), Severe to 
moderate hepatic or renal insufficiency. Infectious diseases or 
isturbances ‘of intestinal flora — sprue, antibiotic therapy. Severe 
rauma of head, bones or muscles associated with extreme raw sur- 
faces. Surgery resulting in large exposed raw surfaces. Indwelling 
catheters. Spinal puncture. Severe to moderate hypertension. 
"Miscellaneous: polycythemia vera, vasculitis, severe diabetes, 
 menometrorrhagia, allergic and anaphylactic disorders. 
- Abrupt cessation of anticoagulant therapy is not generally recom- 
mended: taper dose gradually over three to four weeks. 
PRECAUTIONS: Periodic determination of prothrombin time is 
essential. 
es Numercus factors, alone or in combination, including travel, 

changes in diet, environment, physical state and medication 

-may influence response of the patient to anticoagulants. It is 
|: generally good practice to monitor the patient's response with 
 additiona! prothrombin time determinations whenever other 
medications are initiated, discontinued or taken haphazardly. 
The following factors are listed for your reference; however, 
other factors may also affect the prothrombin response. 

The following factors, alone or in combination, may be 
responsible for increased prothrombin time response: 
_ ENDOGENOUS FACTORS: Carcinoma; collagen disease; conges- 
tive heart failure; diarrhea; elevated temperature; hepatic disorders 
infectious hepatitis, jaundice; poor nutritional state; vitamin K 
: deficiency — steatorrhea. 
` EXOGENOUS FACTORS: Alcohol}; allopurinal; anabolic steroids; 
- antibiotics: bromelains; chloral hydratet; chlorpropamide; chymo- 
‘trypsin: cinchophen; clofibrate. Coumadin® (crystalline sodium war- 
darin). overdosage; dextran, dextrothyroxine; diazoxide. dietary 
‘deficiencies: diureticst; disulfiram: drugs affecting blood elements; 
-ethacrynic acid; glucagon; hepatctoxic drugs; indomethacin; inhala- 
‘tion anesthetics, mefenamic acid; methylphenidate; monoamine 
“oxidase. inhibitors; nalidixic acd; oxyphenbutazone; phenylbu- 
tazone; phenyramidol; prolonged hot weather: prolonged narcotics; 
.quinidine; “quinine; salicylates (in excess of 1 Gm/day); sulfin- 
pytazo  Sulfonamides, Nl acting; thyroid drugs; tolbutamide; 
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time is within the Dear range warrarite ydingrostic investigatio 
since it may unmask a previously unsuspected lesion. e.g. tur 
ulcer etc. 2. Side effects other than hemorrhage are infrequent’ 
consist cf alopecia, urticaria, dermatitis, fever, nausea, dial 
hypersensitivity reactions ard an extremely rare reaction consis 
cthemormagic infarction.and necrosis of the skin. | 
TREATMENT FOR OVERDOSAGE: Excessive prothrombinopeni 
with or without bleeding, :s readily controlled by discontinuin 
Coumadin* (crystalline sodium warfarin), and if necessary, the oral 
or parenteral administration of vitamin Ki. The appearance of micro- 
scopic hematuria, melena, petechiae or oozing from nicks made: 
while shaving are early manifestations of hypoprothrombinemi 
beyond a safe and satisfactory level. E 
in excessive prothrombinapenia with mild or no bleeding, omis- . 
sion of ome or more doses of Coumadin® (crystalline sodium war- 
fain) may suffice; and if mecessary, smali doses of vitamin Ki - 
(Mephyton**) orally. 2.5 mg., will usually correct the problem. « ^". 
f minor bleeding persists, or progresses to frank bleeding, vitamin 
Ki (AquaMephyton**) in doses of 10 to 25 mg. may be given parene: 
terally. (Flease note recommendations accompanying vitamin. K- 
preparations prior to use.) Fresh whole blood transfusions should be 
considered in cases of severe bleeding or prothrombinopenic states < 
unresponsive to vitamin Ki. : 
Resumption of Coumadin* (crystalline sodium warfarin) adminis- . 
tration reverses the effect of vitamin Ki, and a therapeutic nypor 
prethrombinemia level is readily obtained. 
"Trademark, Merck Sharp & Dohme, 


For complete prescribing information, including dosage and labo- ; 
ratory control, see package cacular. ME 
SUPPLIED: Tablets: Coumadin® (crystalline sodium warfarin): for 
oral use, single scored, imprinted numerically with potency. as - 
follows: 2 mg. lavender, 21? mg. orange, 5 mg. peach, 7% mg. yellow, 
10 mg. white, 25 mg. red. In bottles of 100 and 1000. Also available ín j 
Hospital Unit-Dose blister package of 100. Injection: Available as - 
single injection units of amorphous sodium warfarin lyophilized for: 
intravenous or intramuscular use in a box of 6 units, 50 mg.: Unitcon- 
sisis of 1 vial, 50 mg.; sodium chloride, 10 mg.; thimerosal, 0.2 mg. - 
accompanied by a 2 ml. ampul Sterile Water for Injection. 75 mg 
Unit consists of 1 vial, 75 mg.; sodium chloride, 15 mg.; thimerosal, - 
0.3 mg. accompanied by a 3 ml. ampul Sterile Water for Injection. 

Sterile Water for Injection contains no antimicrobial or other sub- 
stance, and it is not suitable for intravascular injection without first. : 
having been made approximately isotonic by the addition of a suit- 
able soiute. Use only for reconstitution of the fyophilized product. 
Licensed by Wisconsin Alumni Research Foundation. U.S. Pat. No. 3077,481 (Reissue No, 
25,856). Registered trademark of Wisconsin Alumni Research Foundation, 
Physician and Patient Aids Available on Request-— record charts- 
for you, dosage calendars and instruction folders, including iden- 
tification cards, for vour patients. For a free supply of any or all of 
these aids. ask your Endo representative or write to Director of Pro- - 
fessional Services. 
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Manufactured by LAKESIDE LABORATORIES 
Division of Colgate-Palmolive Company 


Distributed by 
LAKESIDE LABORATORIES, INC. 
Milwaukee, Wisconsin 53201 





Catapres Man. 


He doesnt 
have to take it 
lying down. 
Orthostatic effects are mild 
and infrequent; normal 


hemodynamic responses to 
exercise are not altered 





Catapres reduces blood pressure to virtually the same extent 
in both the lying and standing oositions and after exercise 
(see chart). 

Postural hypotension is therefore rarely a problem. And 
normal hemodynamic responses to exercise remain 
essentially unchanged. 

Catapres. A new antihypertensive agent whose mechanism 
of action appears to be centra! alpha-adrenergic stimulation 
as demonstrated in animal studies. 

Try Catapres. Because how you lower blood pressure can 
make a difference. 


Mean blood pressure reduction (mm Hg) after 4 weeks 
in 9 hypertensive patients receiving Catapres (0.15 mg/day) 





N ciastotic usque Systclic Adapted from Elkeles et a/.! 





new Catapres 


(clonidine hydrochloride) 


Tablets of 0.1 and 0.2 mg 


i Boehringer Ingelheim Please see adjoining column 
ll | Boehringer Ingelheim Ltd. for brief summary of 
INGtMEM/ Elmsford, New York 10523 prescribing information. 











atapres 
onidine hydrochloride) 
i:bleis of 0.1 mg and 0.2 mg 
ndication: The drug is indicated in the treatment of hyperten- 
, AS an antihypertensive drug, Catapres (clonidine hydro- 
loride) is:mild to moderate in potency. It may be employed in 
general treatment program with.a diuretic and/or other antihy- 
pertensive agents as needed for proper patient response. 
c Warnings: Tolerance may develop in some patients necessitating 
lor reevaluation of therapy. 
50Usage in Pregnancy: in view of embryotoxic findings in animals, 
8nd since information on possible adverse effects in pregnant 
(s Women is limited to uncontrolled clinical data, the drug is not 
| "recommended in women who are or may become pregnant unless 
othe potential benefits outweigh the potential risk to mother 
. and fetus. 
| Usage in Children: No clinical experience is available with the 
| use of Catapres (clonidine hydrochloride) in children. 
* Precautions: When discontinuing Catapres (clonidine hydro- 
chloride), reduce the dose gradually over 2 to 4 days to avoid 
& possible rapid rise in blood pressure and associated sub- 
jective symptoms such as nervousness, agitation, and headache. 
itients should be instructed not to discontinue therapy with- 
out consulting their physician. Rare instances of hypertensive 
encephalopathy and death have been recorded after cessation of 
clonidine hydrochloride therapy, A causal relationship has not 
been established in these cases. It has been demonstrated that 
an excessive rise in blood pressure, should it occur, can be 
T6yersed by resumption of clonidine hydrochloride therapy or 
by intravenous phentolamine. Patients who engage in potentially 
. hazardous activities, such as operating machinery or driving, 
"should be edvised of the sedative effect. This drug may enhance 
|. the CNS-depressiva effects of alcohol, barbiturates and other 
. sedatives. Like any other agent lowering blood pressure, cloni- 
dine hydrochloride should be used with caution in patients with 
Severs Corcnary insufficiency, recent myocardial infarction, 
^oCefebrovascular disease or chronic renal failure. 
o> As an integral part of their overall long-term care, patients 
-Armated with Catapres (clonidine hydrochloride) should receive 
periodic eye examinations. While, except for some dryness of 
“the eyes, ne drug-related abnormal ophthalmoilogic findings have 
~ been recorded with Catapres, in several studies the drug pro- 
oo duced a dose-dependent increase in the incidence and severity 
c Of spontaneously occurring retinal degeneration in albino rats 
= treated for months or longer, 
Adverse Reactions: The most common reactions are dry mouth, 
drowsiness and sedation. Constipation, dizziness, headache, and 
... fatigue have been reported. Generally these affects tend to 
ooo diminish with continued therapy. The following reactions have 
,. been associated with the drug, some of them rarely. (In some 
v instances an exact causa! relationship has not been established.) 
These include: Anorexia, malaise, nausea, vomiting, parotid pain, 
mild transient abnormalities in liver function tests; one report of 
possible drug-induced hepatitis without icterus and hyperbili- 
ubinemia in a patient receiving clonidine hydrochloride, chlor- 
-thalidone and papaverine hydrochloride. 
| Weight cain, transient elevation of blood glucose, or serum 
s; eteatine phosphokinase; congestive heart failure, Raynaud's 
v phenomenen; vivid dreams or nightmares, insomnia, other be- 
-< havioral changes, nervousness, restlessness, anxiety and mental 
vv depression. Also rash, angioneurotic edema, hives, urticaria, 
(s thinning of the hair, pruritus not associated with a rash, impo- 
si; fence, urinary retention, increased sensitivity to alcohol, dryness, 
| Mehing or burning of the eyes, dryness of the nasal mucosa, pallor 
n gynecomastia, weakly positive Coombs' test, asymptomatic elec- 
s srocardiographic abnormalities manifested as Wenckebach period 
QF ventricutar trigeminy. 
- Overdosage: Profound hypotension, weakness, somnolence, di- 
. minished or absent reflexes and vomiting followed the accidental 
oo angestion cf Catapres (clonidine hydrochloride) by several chil- 
Oc dren from :9 months to 5 years of age. Gastric lavage and ad- 
"^ ministration of an analeptic and vasopressor ted to complete 
. Frecovety within 24 hours. Tolazoline in intravenous doses of 
«510 mg at 30-minute intervals usually abolishes all effects of 
vc Gatapres. (clonidine hydrochloride) overdosage. 
t5 How Supplied: Catapres, brand of clonidine hydrochioride, is 
- "available as 0.1 mg (tan) and 0.2 mg (orange) oval, single-scored 
ablets in bottles of 100. 
Or comolete details, please see full prescribing information. 
nder license from Boehringer Ingelheim GmbH 


ice: 1T. Elkeles, R. S., Goldby, F. S. and Oliver, D. Q.: 
Elind Study of Catapres, A New Hypotensive Agent, 
Hy, M. E. (ed.): Catapres in Hypertension, London, 
orths, 1970, pp. 139-144. 
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A New Book! 


CARDIOVASCULAR | 
NUCLEAR MEDICINE | 
Written by outstanding contributors, this new book 
details the present state of nuclear cardiology, includ 
ing information on rationale, mechanisms and proce- —. 
dures involved. It gives special attention to the most - 
commonly utilized and latest techniques in employ- 
ment of radioactive tracers and radionuclides for. 
imaging. A logical sequence begins with principles 
and fundamental methods, then moves to specific — 
clinical applications. Topics include myocardial func __ 
tion, radiopharmaceuticals and immunoassay, ^ ies 
Edited by H. WILLIAM STRAUSS, M.D.; BERTRAM PITT, 
M.D.; and A, EVERETTE JAMES, Jr., Sc.M., M.D. October, dc 
1974. Approx. 432 pages, 7'' x 10", 362 illustrations, includ-- 
ing ten 4-color plates. About $39.50. ee re 


ALSO OF INTEREST: _ 
New! THE TREATMENT OF CARDIAC EMERGENCIES. _ 
By EMANUEL GOLDBERGER, M.D., F.A.C.P.; Chapter 13. 
by MYRON W. WHEAT, Jr., M.D. March, 1974. 358 pages 


plus FM I-X, 7" x 10", 231 illustrations. Price, $14.00 MM 

















New 4th Edition! CARDIAC ARREST AND RES 
TION. By HUGH E. STEPHENSON, Jr, MID, F 
A.B., B.S. July, 1974. 4th edition, 998 pages p 
I-XVII, 7" x 10", 379 illustrations. Price, $45.50. 
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- Solution... 
Kay Ciel Elixir is 
otassium chiori 
astes good too! 





COMPOSITION: Each 15 cc. (one table- 
spoonful) contains potassium chloride 1.5 
Gm., supplying 20 mEq. of elementa: 
potassium, in a cherry-flavored, palatable 
base, alcohol 4%. Contains no sugar. 
INDICATIONS: Treatment of potassium 
deficiency occurring especially during 
thiazide diuretic or corticosteroid therapy, 
digitalis intoxication, low dietary intake 

of potassium or as a result of excessive 
vomiting and diarrhea. 
CONTRAINDICATIONS: Impaired renal 
function, untreated Addison's Disease, 
dehydration, heat cramps, and hyper- 
kalemia. 

PRECAUTIONS: Potassium chloride 
should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patient, since the amount of defi- 
ciency and corresponding daily dose is 


otassium is 


otassium chloride 





often not known. Excessive or even thera- 
peutic dosages may result in potassium 
intoxication. Patients should be frequently 
checked and periodic ECG anc/or plasma 
potassium levels made. High p'asma con- 
centrations of potassium ion may cause 
cardiac depression, arrhythmias or arrest. 
Use with caution in patients with cardiac 
disease. In hypokalemic states, attention 
should be directed toward the correction 
of the frequently associated hypochloremic 
alkalosis. 

SIDE EFFECTS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listlessness, mental 
confusion, paresthesia of the extremities, 
weakness of the legs, flaccid paralysis, 
fall in blood pressure, cardiac arrhythmias, 
and heart block. When hyperkalemia 














AMA Drug Evaluations 1971, First Edition, 
Chicago, American Medical Association, p. 121. 












exists, it should be prompzly treated with 
the discontinuance of potassium adminis- 
tration or other steps to lower serum levels 
if indiceted. since sudden shift in plasma 
levels may induce potentially dangerous 
cardiac arrhythmias. 

DOSAGE AND ADMINISTRATION: Adults, 
one tab espoonful (15 cc.) diluted in one 
glass of water, twice daily after the 
morning and evening mea. Larger doses 
may be indicated accordirg to the indi- 
vidual patient's requirements but shouid 
be administred under close supervision 
due to the possibility of potassium intoxi- 
cation. Patients should be cautioned to 
follow directions explicitly in regard to 
dilution of Kay Ciel Elixir to prevent 
gastrointestinal injury. 

HOW SUPPLIED: One pint and one gallon 
bottles. 


| | (ope! Cooper Laboratories, Inc., Wayne, N.J. 07470/Ste. Therese, P.Q., Canada 


An advanced 
24hour ECG 





The Dyna-Gram System 


CHARGE 
Wo-—— 


CHARGE | 





SPECIFICATIONS: RECORDER 














Recording Time Up to 24 hours 
Recording Tracks One for ECG and one for internal clock timing 
Tape Speed 2.13 mm/sec. 
Tape &Cassetie Standard cassette with Ys" tape 
Size 2x4x6% inches 
Weight 2 lbs. with power pack anc cassette 
Power Source 4.5 volt rechargeable silver-zinc power pack 
Power Pack Capacity 1400 milliampere hours. nominal 
Input Impedance Over 100 Megohms, each irput 
Common Mode Rejection 60 db minimum 
Frequency Response 0.05 to 100 Hz ( —3db) 
Input Gain Selector switch for input signals to 
8 mv peak-to-peak with distortion 
Internal Calibrator 1 mv x 0.10 sec. puse, 60 pulses per minute 
Digital Clock m 100 PPM accuracy, liquid crystal display 
of hour & minutes, push-button set 
Temperature Range 0—509C 
SPECIFICATIONS: POWER PACK 
Type Rechargeable silver-zinc battery 
Voltage 5.45-5.65 VDC open circuit, fully charged 
Capacity 1400 milliampere hours. nom nal 
Size 3.2" H x 1.3" W x 1.9' D 
Weight 6 oz. 
Temperature Range 0-50°C 
SPECIFICATIONS: CHARGER/TESTER 
Type For Model 5030 Power Packs 
Charging Stations Four, independently operated 
Test Station Automatically tests interna! impedance and state of charge 
Input Power 95 to 125 VAC, 60Hz 
Dimensions 9⁄4” W x 6⁄4” H x 4" D 
Weight 4 Ibs. 
Temperature Range 0—509C 


Cardio-Dynamics Laboratories Inc. 
9454 Wilshire Boulevard 
Beverlv Hills. California 90212 
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1.Introduction: Recent Advances in 
Structure, Biochemistry, Physiology 
and Pharmacology in Heart Failure— 
D. T. Mason. 


I. Mechanisms 

2.Structural Conditions in the Hypertro- 
phied and Failing Heart—H. M. Spot- 
nitz and E. H. Sonnenblick. 

3.Abnormal Biochemistry in Myocardial 
Failure—A. Schwartz, L. A. Sordahl, 
M. L. Entman, J. C. Allen, Y. S. Reddy, 
M. A. Goldstein, R. J. Luchi and L. E. 
Wyborny. 

4.Ribonucleic Acid (RNA) Polymerase 
and Adenyl Cyclase in Cardiac Hyper- 
trophy and Cardiomyopathy—K. G. 
Nair, T. Umali and J. Potts. 

5.Contractile Proteins in Cardiac Hyper- 
trophy and Failure—J. Wikman-Cof- 
felt and D. T. Mason. | 

6.Effects of Ischemia on the Contractile 
Processes of Heart Muscle—A. M. 
Katz. 

7.Alterations of Cardiac Neurotransmit- 
ter Activity in Congestive Heart Fail- 
e. L. Rutenberg and J. F. Spann, 

r. 

8.The Contractile and Energetic Behav- 

ior of Hypertrophied and Failing Myo- 


a“must book" 


Edited by DEAN T. MASON, M.D. 
Chief—Cardiovascular Medicine 
School of Medicine 
University of California, Davis 


Congestive Heart Failure 
Mechanisms, Evaluation and Treatment 


A "Must Book” for your library. This integrated and 
comprehensive text provides thorough and up-to-date 
coverage of the highly important and common disorders of 
abnormal heart function by more than 40 of the World's 
Foremost authorities on the subject. See chapter and 
contributor listing. 

Planned Publication Date —March/April 1975 —approx. 
400 pages including 75 illustrations. 

Order Now and save on our special pre-publication price 
of $24.50. Regular Price will be $26.00. 


YORKE MEDICAL BOOKS 
666 Fifth Avenue, N.Y., N.Y. 10019 


Mason's Congestive Heart Failure 


Yes, please reserve copies of Mason's Congestive Heart Failure 
and bill me with shipment when book is published for $24.50. Foreign orders 


add $2.00 for shipping. After publication | understand the price will 
be $26.00. 


Name E rote ree iier CORREO EE Y. 


Address 


O a BE R E E DA EEEN sh pe iil cl 
Note—In N.Y. State add appropriate sales tax. 








cardium—G. Cooper IV, J. F. Gunning, 
C. E. Harrison and H. N. Coleman Ill. 
9.Regulation of Cardiac Performance in 
Clinical Heart Disease—D. T. Mason. 
10.Peripheral Circulatory Control Mech- 
anisms in Congestive Heart Failure— 
R. Zelis, J. Longhurst, R. J. Capone 
and G. Lee. 
11.Function of the Hypoxic Myocardium: 
Experimental and Clinical Aspects— 
E. A. Amsterdam. 
12.Nature and Significance of Alterations 
in Myocardial Compliance—J. W. 
Covell and J. Ross, Jr. y 
13.Alterations of Renal Function in Con- 
gestive Heart Failure: Mechanisms of 
Body Salt and Water Retention—D. T. 
Mason and M. Tonkon. 
II. Evaluation 
14.Physical Findings in Heart Failure and 
their Physiologic Basis—R. A. O'Rourke 
and M. H. Crawford. 
15.Clinical Assessment of Cardiac Per- 
formance by Heart Catheterization— 
D. T. Mason, R. R. Miller and L. A. 
Vismara. 
16.Catheterization Evaluation of Cardiac 
Function in Acute and Chronic Coro- 
nary Artery Disease—C. Rackley, R. O. 
Russell Jr., R. E. Moraski, J. A. Mantle, - 
B. J. Feild and McK. Smith. 
17.Echographic Evaluation of Cardiac 
Function—A. DeMaria and D. T. Mason. 
ill. Treatment 
18.New Developments and Therapeutic 
Applications of Cardiac Stimulating 
Agents—J. F. Williams, Jr. 
19.Digitalis Glycosides: Pharmacology 
and Therapeutic Applications—D. T. 
Mason. 
20.Antiarrhythmic Agents: Pharmacology 
and Clinical Uses—D, T. Mason and 
Z. Vera. 
21.Refractory Congestive Heart Failure 
Evaluation and Therapy—D. T. Mason 
and A. F. Salel. 
22.Clinical Use of Ventricular Unloading 
Therapy in the Management of Severe 
Congestive Heart Failure—R. R. Miller, 
D. O. Williams, E. A. Amsterdam and 
D. T. Mason. 
23.Myocardial Infarction Shock: Mecha- 
nisms and Management—D. T. Mason 
and E. A. Amsterdam. 





= Why add Librium; (chlordiazepoxide HCI) 


to your ete aoa ol regimen? 


_ susceptible patients can 
-set in motion a chain of 
responses which add to 
the hearts work and 
thereby increase the 
possibility of cardio- 


Excessive anxiety in 


. vascular complications. Desire 

intense anxiety may interfere with 
_ effective medical management since 
- some patents, in an attempt to deny 
their illness, may resist acceptance 
- of necessary medication, = 


. dietary restrictions 


. directives. When 
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relieve undue anxiety, ad- 
junctive Librium (chlordi- 
azepoxide HCI) may be 
. beneficial. 

| “Specific” for anxiety 

i reduction... 

wide margin of safety 

Librium is used as an adjunct to 
primary cardiovascular medica- 
tions, since it acts directly on the 
central nervous system, reducing 
excessive anxiety and emotional 
tension. In so doing, Librium in- 
directly affects cardiovascular 
function. 

Librium has a high degree of 
antianxiety effectiveness with a 
wide margin of safety. In proper 
dosage, Librium usually helps calm 
the overanxious patient without 
unduly interfering with mental 
acuity or general performance. In 
the elderly and debilitated, the ini- 
tial dosage is 5 mg b.i.d. or less to 
preclude ataxia or oversedation, in- 





creasing gradually as needed and 
tolerated. 

Librium is used concomitantly 
with certain specific medications of 
other classes of drugs, such as car- 
diac glycosides, diuretics, antihy- 
pertensive agents, vasodilators and 
_anticoagulants. Although clinical 
studies have not established a cause 
and effect relationship, physicians 
should be aware that variable effects 
on blood coagulation have been re- 
ported very rarely in patents re- 
ceiving oral anticoagulants and 
Librium. After anxiety has been 
reduced to tolerable levels, Librium 
therapy should be discontinued. 


5 mg 10 mg , 25 mg 
For geriatric ' For relief of — Specifically 
patients and, mild to - for use in 


in general, for $ moderate — severe anxiety 


milder E anxiety 
degrees of 

clinically 

significant 

anxiety 





For relief of excessive anxiety 
adjunctive 


Librium 10m 


(chlordiazepoxide HCI) 


Before prescribing, please consult complete product 
information, a summary of which follows: 

Indications: Relief of anxiety and tension occurring 
alone or accompanying various disease states. 

Contraindications: Patients with known hypersensi- 
tivity to the drug. 

Warnings: Caution patients about possible com- 
bined effects with alcohol and other CNS depressants. As 
with all CNS-acting drugs, caution patients against haz- 
ardous occupations requiring complete mental alertness 
(e.g., operating machinery, driving). Though physical and 
psychological dependence have rarely been reported on 
recommended doses, use caution in administering to 
addiction-prone individuals or those who might increase 
dosage; withdrawal symptoms (including convulsions), 
following discontinuation of the drug and similar to those 
seen with barbiturates, have been reported. Use of any 
drug in pregnancy, lactation, or in women of childbearing 
age requires that its potential benefits be weighed against 
its possible hazards. 

Precautions: In the elderly and debilitated, and in 
children over six, limit to smallest effective dosage (ini- 
tially 10 mg or less per day) to preclude ataxia or overse- 
dation, increasing gradually as needed and tolerated. Not 
recommended in children under six. Though generally 
not recommended, if combination therapy with other psy 
chotropics seems indicated, carefully consider individual 
pharmacologic effects, particularly in use of potentiating 
drugs such as MAOinhibitors and phenothiazines. Observe 
usual precautions in presence of impaired renal or hepatic 
function. Paradoxical reactions (e.g., excitement, stimula- 
tion and acute rage) have been reported in psychiatric 
patients and hyperactive aggressive children. Employ 
usual precautions in treatment of anxiety states with evi- 
dence of impending depression; suicidal tendencies may 
be present and protective measures necessary. Variable 
effects on blood coagulation have been reported very rarely 
in patients receiving the drug and oral anticoagulants; 
causal relationship has not been established clinically. 

Adverse Reactions: Drowsiness, ataxia and confusi 
may occur, especially in the elderly and debilitated. 
These are reversible in most instances by proper dosage 
adjustment, but are also occasionally observed at the 
lower dosage ranges. In a few instances syncope has been 
reported. Also encountered are isolated instances of skin 
eruptions, edema, minor menstrual irregularities, nausea 
and constipation, extrapyramidal symptoms, increased 
and decreased libido—all infrequent and generally con- 
trolled with dosage reduction; changes in EEG patterns 
(low-voltage fast activity) may appear during and after 
treatment; blood dyscrasias (including agranulocytosis), 
jaundice and hepatic dysfunction have been reported 
occasionally, making periodic blood counts and liver func- 
tion tests advisable during protracted therapy. 

Supplied: Librium® Capsules containing 5 mg, 

10 mg or 25 mg chlordiazepoxide HCl. Libritabs® Tablet: 
containing 5 mg, 10 mg or 25 mg chlordiazepoxide. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 


lor 2 capsules t.i.d./q.i.d. 


ALL NITROGLYCERINS START OUT POTENT. 


DER DELIBERATELY DEMANDING TEST CONDITIONS, 
NITROPRN STAYED POTENT LONGER. 


(Patients may leave their nitroglycerin exposed. The open-dish method, a most 
ding stability test, showed that Nitroprn retained its potency even under extreme exposure, 
thus protecting even careless patients.) 
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classic therapy 


enhanced by innovations 
of ipo da "b. 


INTRODUCING W 
ANEWLEVELOFSTABILITY - 
IN NITROGLYCERIN T p s. 
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Minimal crumbling or powdering: controlled - eR se de PN 
nitroglycerin volatility; yet disintegrates in vitro EE Su S 
as quickly as other nitroglycerin tablets t tested. Sag ur i 

Consistent level of: stability insures potency vm IT 


Y ee cape 


Minimum deterioration with time or exposure 


Color-coded tablets and labeled b bottles - 
for easier identification — A UI xe 


Costs only pennies more than other. B 
ayers U IS, 


JN 


QAM Xi ye TE 
EJ bt 


(nitroglycerin) sublingual tablets 
| | | 3 mg. O4mg | 
cs nni gas and Dr 


2 WF ATs 
site By Noe 
cD se 2d 


NP-GP-41-4C 


T a ised: The st catene Content Uniformity Assay based on the Sadar of Fusari, S.: J. Pharm. area Lambert Company 
the Applied Analytical Research Laboratories of Warner-Lambert Morns Plain: 
New Joisey D 79350 


52:122 (1973), with modifications b 
Pa on ie; Mars tanen Research Institute. 
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ive good reasons Ww 


Gould biomedical recording 
systems are your best buy. 


1. Gould has a complete 
line of biomedical signal 
conditioners and 
recording systems. 

We make a recorder/signal 
conditioner system to meet any 
biomedical recording need you 
may have. 

For research monitoring 
OR, and Cath Lab you can 
choose from 1 to 8 channels 
on high performance direct 
writing recorders, XY recorders, 
4 and 8 channel monitoring 
oscilloscopes, a light beam 
oscillograph with up to 16 
channels. 

Our engineered systems 
include all transducers, 
interconnecting cables, signal 
conditioning, recorders and 
direct display readouts. 


2. The Gould pressurized 
inking system gives you 
the highest quality traces. 
Gould traces are the standard 
of the industry. Our pressurized 


nking system eliminates 
smudges, smears, skips and 
puddles because the traces 
are actually forced into the 
paper. The record you get is 
crisp, clear and permanent. 


3. Gould guarantees 
better than 99.5% 
linearity. 

There are two reasons why 
we can guarantee such a high 
degree of accuracy. First, our 
Metrisite" non-contact servo- 
oop feedback device moves 
freely in an enclosed air gap. 
Second, our recorders have a 
rectilinear presentation rather 
than a curvilinear one. This 
eliminates geometric errors 
inherent with the conventional 
system. 


4. Gould biomedical 
recording systems give 
you trouble free operation. 
All of our instruments require 
minimal maintenance. For 
example, our disposable ink 
cartridge provides for a year’s 


worth of recording. Our 
Metrisite tracing system 
eliminates slide wires and all 
the problems that go with them. 
And all of our electronics are 
solid state. 


5. A Gould system is one 


of the easiest to operate. 

All systems are self cali- 
brating. Our controls are 
conveniently placed to give 
you maximum flexibility. Chart 
paper can be replaced in 
seconds. Switching signal 
conditioners is a snap. And 
Gould service technicians and 
engineers are readily available 
when and if you do need 
assistance. 

Send for our free full color 
catalog. Write Gould Inc., 
Instrument Systems Division, 
3631 Perkins Avenue, 
Cleveland, Ohio 44114. Or 
Kouterveldstraat Z/N, B 1920 
Diegem, Belgium. 


=a GOULD 
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The art of antianginal therapy 


For centuries, treating the heart's ills has been the subtlest of 
arts. Even today, evaluating a drug for chronic angina 
pectoris involves the art of medicine as well as its science. 


Persantine — over a decade of use 


During more than a decade of clinical experience, 
compounding both science and art, Persantine has often 
been found useful in the long-term management of chronic 
angina pectoris.* It may: 

eliminate or reduce the frequency of anginal attacks 


improve exercise tolerance 


reduce nitroglycerin requirements 


Persantine — give enough — long enough 


The recommended dosage: 50 mg. t.i.d. at least one hour 
before meals. Give enough, long enough — several weeks or 


longer of continuous therapy may be needed to see response. 


Pe rsa nti NE avets of 25 mg. 


dipyridamole 


the non-nitrate 
coronary vasodilator 


Heart-Shaped 

Watermarks 

14th to 16th Century, 

from C. M. Briquet 
"Les Filigrans,” 

Leipzig, 1923. 


It was believed dur- 
ing the middle ages 
that the earth was the 
center of the universe 
and the heart was 

the center of man; all 
other organs were 
inferior and grouped 
around it. The heart 
was believed to be 
the essence of man, 
his most essential 
and noble part. In art, 
the heart was de- 
picted in a variety 

of symbols. These 
heart-shaped water- 
marks typify the sym- 
bology of the heart. 


*INDICATIONS -Based on a review of 
this drug by the National Academy of 
Science-National Research Council 
and/or other information, FDA has clas- 
sified the indication as follows: 


“Possibly” effective: For long-term ther- 
apy of chronic angina pectoris. 
Prolonged therapy may reduce the 
frequency or eliminate anginal epi- 
sodes, improve exercise tolerance, and 
reduce nitroglycerin requirements. The 
drug is not intended to abort the acute 
anginal attack. 


Final classification of the less-than- 
effective indications requires further 
investigation. 





CONTRAINDICATIONS - No specific contra- 
indications are known. 


PRECAUTIONS - Since excessive doses can 


produce peripheral vasodilation, the drug 
should be used cautiously in patients with 
hypotension. 


ADVERSE REACTIONS - Adverse reactions 
are minimal and transient at recommended 
dosages. Instances of headache, dizziness, 


nausea, flushing, weakness or syncope, mild . 


gastrointestinal distress and skin rash have 
been noted during therapy. Rare cases of 
what appeared to be an aggravation of an- 


gina pectoris have been reported, usually at 


the initiation of therapy. On those uncom- 


mon occasions when adverse reactions have — 


been persistent or intolerable, with- 
drawal of medication has been followed 
promptly by cessation of undesirable 
symptoms. 


DOSAGE AND ADMINISTRATION- The rec- 
ommended dosage is 50 mg. (2 tablets) 
three times a day, taken at least one hour 
before meals. In some cases higher doses 
may be necessary but a significantly in- 
creased incidence of side effects is asso- 
ciated with increased dosage. Clinical 
response may not be evident before the sec- 
ond or third month of continuous therapy. 


For complete details, please see 
the full prescribing information. 


Boehringer 








Ingelheim 
Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 


If psychic tension 
interferes with 
cardiac rehabilitation, 
heres how 


Valium can help. 
diazepam) 





During hospitalization, Valium (diazepam) 
can relieve psychic tension that can disrupt 
bed rest and interfere with the rehabilita- 
" tion program. 
£z After the MI patient is stabilized, a certain 
** amount of psychic tension is to be expected. 
nt of family support can often minimize its 
effects. However, in some instances, the patient's thoughts may dwell constantly on his 
condition and how it will affect his life, thus producing excessive psychic tension that may 
present special problems. He may feel overwhelmed and be so burdened by these ten- 
sions that he is unable to rest and unable or unwilling to begin a program of rehabilitation. 
Under these circumstances, Valium? (diazepam) can often be a beneficial adjunct. 
Valium can calm the cardiac patient and help reduce his psychic tension to appropri- 
ate levels. Valium is used with most classes of primary medications such as cardiac glyco- 
sides, diuretics, vasodilators, anticoagulants, anticholinergics and antacids. Careful con- 
sideration should be given to the pharmacology of agents used with Valium, particularly 
those which may potentiate its action. 





Juring convalescence at home, Valium 
diazepam) can reduce excessive anxiety that 
nay hinder participation in active rehabilitation. 
Your counseling and the family’s support do 

nuch to control the anxieties that may interfere 
with this stage of convalescence — a time when 

rou may wish to encourage a gradual increase in 
ictivity. But in some patients, excessive anxiety 
nay retard general progress. For them, Valium 
'an be beneficial during the post-hospital tran- 
sition to full ambulation. And, because the con- 
ralescent cardiac patient may be particularly prone to excessive tension and anxiety at 
;»edtime, the addition of an A.s. dose of Valium to the 0.1.d. or t.1.d. schedule can reduce 
hese symptoms and thus may encourage sleep. Therapy with Valium should be discon- 
inued when symptoms have been reduced to tolerable levels. 





What an informed cardiac patient should know about Valium therapy. 

he cardiac patient should know that he can generally expect Valium to help relax and 
alm him so that he won't feel so overwhelmed by his tension and anxiety. An explanation 
X the importance of the dosage regimen you prescribe may go a long way to ensure his 
xooperation. As with all CNS-acting agents, the patient taking Valium should be cau- 
tioned against driving or operating dangerous machinery. 


Valium (diazepam) 
24mg, 5-mg, Io-mg tablets 
can relieve the cardiac patient's 
undue psychic tension 


For a summary of product information, see the following page. 





VallUNiazenan 


2-mg, 5-mg, 10-mg tablets 


can releve 
the cardiac patients 


undue 





psychıc tension 


Before prescribing, please consult com- 
plete product information, a summary of 
which follows: 


Indications: Tension and anxiety states; 
somatic complaints which are concomi- 
tantsof emotional factors; psychoneurotic 
states manifested by tension, anxiety, ap- 
prehension, fatigue, depressive symptoms 
or agitation; symptomatic relief of acute 
agitation, tremor, delirium tremens and 
hallucinosis due to acute alcohol with- 
drawal; adjunctively in skeletal muscle 
spasm due to reflex spasm to local path- 
ology, spasticity caused by upper motor 
neuron disorders, athetosis, stiff-man 
syndrome, convulsive disorders (not for 
sole therapy). 

Contraindicated: Known hypersensitivity 
to the drug. Children under 6 months of 
age. Acute narrow angle glaucoma; may 
be used in patients with open angle glau- 
coma who are receiving appropriate 
therapy. 

Warnings: Not of value in psychotic pa- 
tients. Caution against hazardous occupa- 
tions requiring complete mental alertness. 
When used adjunctively in convulsive dis- 
orders, possibility of increase in frequency 
and/ or severity of grand mal seizures may 
require increased dosage of standard anti- 
convulsant medication; abrupt withdrawal 
may be associated with temporary increase 
in frequency and/or severity of seizures. 


Advise against simultaneous ingestion of 
alcohol and other CNS depressants. With- 
drawa! symptoms (similar to those with 
barbiturates and alcohol) have occurred 
following abrupt discontinuance (convul- 
sions, tremor, abdominal and muscle 
cramps, vomiting and sweating). Keep 
addiction-prone individuals under careful 
surveillance because of their predisposi- 
tion to habituation and dependence. In 
pregnancy, lactation or women of child- 
bearing age, weigh potential benefit against 
possible hazard. 


Precautions: |f combined with other psy- 
chotropics or anticonvulsants, consider 
carefully pharmacology of agents em- 
ployed; drugs such as phenothiazines, 
narcotics, barbiturates, MAO inhibitors and 
other antidepressants may potentiate its 
action. Usual precautions indicated in pa- 
tients severely depressed, or with latent 
depression, or with suicidal tendencies. 
Observe usual precautions in impaired 
renal or hepatic function. Limit dosage to 
smallest effective amount in elderly and 
debilitated to preclude ataxia or overse- 
dation. 


Side Effects: Drowsiness, confusion, diplo- 
pia, hypotension, changes in libido, nausea, 
fatigue, depression, dysarthria, jaundice, 
skin rash, ataxia, constipation, headache, 
incontinence, changes in salivation, slurred 
speech, tremor, vertigo, urinary retention, 


blurred vision. Paradoxical reactions such 
as acute hyperexcited states, anxiety, hal- 
lucinations, increased muscle spasticity, 
insomnia, rage, sleep disturbances, stimu- 
lation have been reported; should these 
occur, discontinue drug. Isolated reports 
of neutropenia, jaundice; periodic blood 
counts and liver function tests advisable 
during long-term therapy. 


Dosage: Individualize for maximum bene- 
ficial effect. Adults: Tension, anxiety and 
psychoneurotic states, 2 to 10 mg b.i.d. to 
q.i.d.; alcoholism, 10 mg t.i.d. or q.i.d. in : 
first 24 hours, then 5 mg t.i.d. or q.i.d. as 
needed; adjunctively in skeletal muscle 
spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunc- 
tively in convulsive disorders, 2 to 10 mg 
b.i.d. to q.i.d. Geriatric or debilitated pa- 
tients: 2 to 2¥2 mg, 1 or 2 times daily ini- 
tially, increasing as needed and tolerated. 
(See Precautions.) Children: 1 to 2⁄2 mg 
t.i.d. or q.i.d. initially, increasing as needed 
and tolerated (not for use under 6 months). 
Supplied: Valium (diazepam) Tablets, 

2 mg, 5 mg and 10 mg; bottles of 100 and 
500. All strengths also available in 
Tel-E-Dose® packages of 100. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley. New Jersey 07110 
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Quinaglute* Dura-Tabs* (quinidine gluconate) 


* produces sustained serum quinidine levels, thus 
providing. a convenient 8 or 12 hour dosage schedule 

* usually insures uninterrupted therapeutic quinidine 
gluconate levels during sleep 

* avoids peaks and valleys in plasma levels during 
which time the arrhythmias may recur 

* maintains normal sinus rhy thm following conversion 
by other techniques 

* well tolerated to enhance patient cooperation — 


few G.I. disturbances 
inaglute 
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Contraindications: Quinaglute Dura-Tabs are contraindicated in patients 
with partial A-V or complete heart block, or intraventricular conduction 
defects, especially those exhibiting a marked grade of QRS widening; 
in patients manifesting idiosyncrasy or sensitivity to quinidine (e.g. 


- febrile reactions, skin eruptions, thrombocytopenia, etc.), in patients 


with renal disease resulting in significant azotemia, or those developing 
cardiotoxic effects such as conduction defects; ventricular premature 
beats, ventricular tachycardia or flutter while on the drug. It may be 
contraindicated in certain patients who have marked cardiac enlarge- 
ment, particularly with congestive failure, poor renal! function, and 
especially renal tubular acidosis. 

Precautions: The precautions to be observed include al! those applicable 
to quinidine. A preliminary test dose of a single tablet of quinidine 
sulfate should be administered to determine if the patient has an idio- 
syncrasy to quinidine. Hypersensitivity to quinidine, although rare, 
should constantly be considered; especially during the first weeks of 
therapy. 

Signs of idiosyncrasy include febrile reactions, skin eruptions, throm- 
bocytopenic purpura, and respiratory embarrassment. Extreme caution 
should be exercised in using the drug in patients with severe heart 
disease and congestive heart failure, with digitalis intoxication, or renal 
insufficiency. It should be administered cautiously, if at all, to senile 
patients. Hospitalization for close clinical observations, electrocardio- 


graphic monitoring, and possibly plasma quinidine levels, is indicated - 


when large doses are used, or with patients who present an increased 
risk. 
As with all quinidine preparations, the titrating of the exact quiaidfie 


dosage will vary with each individual patient. With the dosage regimen. 


of 2 tablets every 8 hours, higher blood levels than necessary for main- 
tenance of normal sinus rhythm could be reached, whereas with 1 tablet 
every 12 hours, the blood levels may be too low to maintain normal 
sinus rhythm. 

As with other quinidine products, Quinaglute Dura-Tabs should not 
be used during pregnancy. 
Adverse Reactions: The patient should be advised to report immediately 


to the physician any symptoms of cinchonism (including tinnitus, de- 


creased auditory acuity, vertigo, blurred vision, color perception dis- 
turbances, photophobia, diplopia, night blindness, scotomata, reduced 
visual fields, mydriasis and respiratory distress). 

Where such symptoms develop, or if evidence of hypotension appears, 
the drug should be discontinued. Gastrointestinal disturbances have only 
rarely been reported. If they occur, they may be minimized by admin- 
istering the drug with food. If they persist, dosage should be decreased. 
Dosage: For the prevention of premature atrial, nodal or ventricular con- 
tractions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours. 

Before prescribing or administering, please refer to QUINAGLUTE full 
product information. 


Laboratories, Inc. 
Wayne, New Jersey 07470 


Artist's conception of heart with 
changes typical of congestive failure. 


Note pronounced left ventricular 


hypertrophy. 








In congestive heart 
failure... 


j£ aldosteronism promotes 


Pan edema. The hyperaldosteronism 
. present in the majority of patients with 
congestive. heart failure.. .explains the low 
sodium excretion in urine, sweat, and saliva. 
Ultimately, of course, this retention of salt 
| MO water leads to edema ke dH | 


: Aldactone (spironolactone) 
- combats aldosteronism... 
a eee promotes diuresis. 


“By administering spironolactone [Aldactone] 
over, say, three or four weeks, one may 
actually induce a greater sodium and water 
-loss than with more ecol natriuretic 
ages | | 


| spironolactone) 25-mg. tablets 
3j Pith TET CES, sustained diuresis, usually without 
causing g acute volu me depletion, and wit hout rebou nd fluid retention. 


lll Helps prevent potassium Ic loss which may contribute to 
Eerad Pata toxicity VATI UC aD ak 
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See next page for brief summary of prescribing information. - 





entalone. - 
be given daily along with... 
‘osemide or siente acid. 











































SM edema of congestive heart failure, 


erie benefit from paces (spironolac- 


s goera i is also given. Discontinue potassium 
if hyperkalemia develops. Usage of any drug in women 
es that the potential benefits of the drug be 
sible hazards to the mother and fetus. 
ts should be checked carefully since electrolyte 
cur. Although usually insignificant, hyperkalemia may be 
serious when renal impairment exists; deaths have occurred. Hyponatremia, 
nanifested by dryness of the mouth, thirst, lethargy ond drowsiness, 
ogether with a low serum sodium may be caused or aggravated, espe- 

en Aldactone is combined with other diuretics. Ee vction ¢ of BUN 
ur, especially with preexisting rencl impairment. Mild acidosis may 
educe the dosage of other antihypertensive drugs, particulorly the 
nglionic blocking agents, by at least 50 percent when adding Aldactone 
ce it potentiates their acion. The physician shouid be alert to 
possible onset of gynecomasti 

dversa. Reactions Drowsiness, lethargy, headache, diarrhea and other 
ointestinal symptoms, maculopapuler or erythematous. cutaneous 
ns, urticaria, mental confusion, drug fever, ataxia, gynecomastia, 
(do ‘achieve or maintain erection. androgenic effects, including 
‘irregular menses and deepening voice. Adverse reactions are 
sible. In rare instances gynecomastia may persist. 

Adm —Fer essential hypertension in adults the 
je is 50. to 100 mg. in divided doses. Aldactone may be 
azide diuretic if necessary. Continue treatment for two 
ince the maxima! response may not occur sooner. Adjust 
dosage according 1o.response of patient. 
ma in adults initio! daily dosage is 100 mg. in divided doses. 
lication for af ledst five days žo determine diuretic response; 
€ or organic mercurial if adecuate diuretic response has not 
fone dosage should not be changed when other therapy 
dosage of Aldactone considerably greater than 75 mg. 


nely resistant edema which does not respond 
0 conventional diuretic. Observe the usual 
ocorficoid therapy; supplemental potassium 
tients frequently have an associoted 
d intake to 1 liter per day or administro- 
required (these measures are contro- 
of severely impaired renal function). 
patients with congestive heart failure, and 
tha history or signs ‘of hepatic coma unless 
ioti orally to" “sterilize” the gastrointestinal 





à given first to patients with nephrosis 
or diuresis, will not directly affect the 


i¢ syndrome and idiopathic edema. Some 


js 15 to 20 mg. of orednisone daily, may be desir- 





"  CARDIOLOC Y 


Production Manager: Herbert’ V. Paureiss, Je ^. : 
‘Telephone, 212-489- 5763. T 


Business Manager: Belle Goodman. — 


Telephone: 212- 489-4683 - e 
Marketing Director: Joseph L. Navitsky | 

Telephone: 212-489-5754" 
Advertising. Sales Manager: Robert C. Weidner | 

Telephone: 212-489-5756 


ADVERTISING 
REPRESENTATIVES 


NEW YORK 
Robert C. Weidner, 
—2 112-489-5755 
666 Fifth Avenue 
New York. N. Y, 10019 


CHICAGO 


Wyman Carey 

— 312-648-5882 

222 South Riverside Plaza 
Chicago, lll. 60606 


DALLAS 
Dick Eldredge 
—214-270-646* 
1580 Eastgate Drive, Suite 315 
Garland, Texas 75041 | 


ATLANTA 


Robert H. Powell, Jr., 
—404-633-8296 
.P.O. Box 49087 
Atlanta, Ga. 30329 


LOS ANGELES - 
Julius |. Starkman 
— 213-386-1852 , 
520 S. Lafayette Park PI., Room 220 
Los Angeles, Calif 90057 


SAN FRANCISCO 


Scott B. Hubbard 

—415-981-2594 Ea 

582 Marke (Street .— ; 
Fr o. Calif. 94104. 





wore? 


jx Vea o 





24th Annual Scientific Session 
of the 


American College of Cardiology 
February 10-13, 1975 HOUSTON 


“Excellence in Cardiovascular Practice— 19757 


* Opening Plenary Session Speaker * Core Curriculum 
—Richard S. Ross, M.D., F.A.C.C. * Sixth Annual Louis F. Bishop Lecture 

* Special Symposia * Master Teacher Seminars 

* Controversies in Cardiology * Young Investigators Competition 

* Over 200 Research-In-Progress * Clinics and Demonstrations at Houston's 
Reports Read by Authors Medical Centers and Hospitals 

* Self Assessment Classroom « Some 400 Technical and Scientific 

«30 Luncheon Panels Exhibits 

* 30 Fireside Panels * Premier Showing of Motion Picture Films 


* Read and Hemember Seminar 


Todays best reason 
to consider our 
monitoring systems: 











tomorrowsS needs. 


When it comes to monitoring 
equipment decisions, perhaps 
its not enough to learn that 
General Electric has been 
around for some time. More 
important than stability is the 
assurance that GE will 
continue as the innovator in 
monitoring systems, and make 
these concepts readily 
available to present users. 


The specifics: 


Today, GE offers a broad 
spectrum of monitoring 
configurations to serve in 
ICU/CCU, and surgery. 


In addition, a mobile system 
can be wheeled to any care 


area to alleviate patient loads 
in outpatient or emergency 
units. And GE Telemetry can 
monitor and transmit ECG 
data from ambulatory patients 
— enabling you to evaluate 
heart activity during the still- 
crucial period prior to patient 
release. 


Tomorrow, General Electric s 
new Patient Data System, a 
third generation monitoring 
concept, will put more kinds 
of patient data at your 
fingertips. Computer 
integration can provide the 
recall of patient parameters 
from the previous 1, 4, 8 or 
24 hours; the generation 

of complex derived 
parameters relating to the 
cardiovascular and respiratory 
system; and more 
sophisticated alarm schemes 


to indicate proper 
intervention based on data 
you ve programmed-in. 


Yet PDS can provide derived 
patient information without a 
computer. Bedside and nurse 
station displays present 
dynamic waveforms, derived 
parameters, alarm limits, 
physiological alarms, trend 
graphs, and multiparameter 
plots of patient data. 
Computer integration, but not 
dependency. It’s the unique 
reason PDS is designed to 
meet both immediate, basic 
monitoring requirements and 
also extremely sophisticated 
long-term needs. 
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AMERICAN COLLEGE OF CARDIOLOGY EXTENDED LEARNING 


NOW YOU CAN PARTICIPATE IN A MONTHLY AUDIOTAPE 
PROGRAM EXCLUSIVE TO THE FIELD OF CARDIOLOGY 


This multimedia (tapes, slides, printed booklet) audio tape program includes 60 minutes of clinically 
oriented information on the art of diagnosis and treatment of cardiovascular disease to its subscribers 
each month. The audio cassette tapes include recorded panel discussions interviews with noted 
authorities and self-assessment quizzes. |n addition, 35 mm slides and a monthly personal continuing 
education notebook are supplied as a part of this professional service. 


Join the more than 4,500 subscribers who are listening each month. ACCEL'" TABLE OF CONTENTS 
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Quantitation of Valvular Insufficiency by Computerized 
Radionuclide Angiocardiography $ 


DENNIS L. KIRCH, MSEE* 
CHARLES E. METZ, PhDt 
PETER P. STEELE, MD* 


Denver, Colorado 
Chicago, Illinois 


From the Nuclear Medicine Service, Depart- 
ment of Radiology and the Division of Cardiolo- 
gy, Department of Medicine, Denver Veterans 
Administration Hospital, University of Colorado 
Medical Center, Denver, Colo.,* and from the 
Franklin McLean Memorial Research Institute 
(operated by the University of Chicago for the 
U. S. Atomic Energy Commission) and the De- 
partment of Radiology, University of Chicago, 
Chicago, Ill.t This study was supported in part 
by Veterans Administration Research Funds 
and in part by the Center for Radiologic Image 
Research (U. S. Public Health Service Grant 
GM-18940), University of Chicago. Manuscript 
accepted April 18, 1974. 

Address for reprints: Dennis L. Kirch, MSEE, 
Nuclear Medicine Service, Veterans Administra- 
tion Hospital, 1055 Clermont St., Denver, Colo. 
80220. 


Linear differential equation techniques for modeling tracer dynamics 
that assume constant flow rates and fixed chamber volumes are not 
totally suitable for describing the pulsatile conditions of cardiac tracer 
dynamics. In this paper, z-transformation methods for solving finite dif- 
ference equations have resulted in a set of solutions for a pulsatile flow 
model of the atrial-ventricular-arterial system that accurately de- 
scribes the cardiac dynamics associated with valvular insufficiency. 
This model can be applied to data extracted from radionuclide angio- 
cardiographic studies on patients with mitral or aortic insufficiency as 
well as tricuspid or pulmonary insufficiency. Application of the model 
requires that the proximal atrium be labeled by a discrete bolus injec- 
tion of radionuclide. Rapid sequential scintigraphic images are then re- _ 
corded by an Anger camera-computer system, and the time-activity _ 
curves extracted from the resulting dynamic data are representative of 
the activity in the atrium and ventricle as functions of time. Determina- 
tion of at most four parameters from this pair of curves then permits 
quantitation of total, forward and regurgitant ejection fractions and re- 
gurgitant fractions. In addition, end-diastolic and end-systolic cardiac 
chamber volumes can be computed from forward stroke volume. 
These quantities, determined by radionuclide angiocardiographic meth- 
ods in 12 patients with mitral or aortic insufficiency, are compared with — 
results from conventional contrast angiographic studies. E 
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The quantitative assessment of valvular insufficiency by a relatively — 
safe repeatable method would be of diagnostic and investigative — . 
value. Contrast angiography is generally considered an accurate _ 
method for quantitating mitral and aortic regurgitation,! although 
Honey et al.? found it inaccurate with respect to mitral insufficiency. 
Baron? has pointed out that mitral regurgitation is difficult to quan- 
titate angiographically because of variations in the size of the left 
atrium. Additional difficulties with this method concern the facti- 
tious appearance of insufficiency due to faulty catheter placement 
and the occurrence of premature beats caused by injection of the con- 
trast material. In particular, when both mitral and aortic insufficien- 
cy are present and when variations in the stroke volume are occurring 
(as with atrial fibrillation), angiography is an inadequate method for 
quantitating the severity of valvular regurgitation. 

Several other methods have been proposed, some of which are ap- 
plicable to the study of both right and left heart valvular insufficien- 
cy. Hemodynamic formulas based on cardiovascular pressure mea- 
surements have been developed but are subject to errors due to varia- 
tions in atrial volume and distensibility. Indicator-dilution tech- 
niques that involve the use of multiple sampling catheters have also 
been devised. These methods require atrial sampling after ventricular 
injection for the study of ventricular-atrial regurgitation or ventricu- 
lar sampling after arterial injection for the study of arterial-ventricu- — | 
lar regurgitation. Although such indicator-dilution techniques are - E 
theoretically accurate, Frank et al.45 demonstrated that the results 
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. QUANTITATION OF VALVULAR INSUFFICIENCY—KIRCH ET AL. 


are highly variable because of nonuniform mixing of 


. the indicator after sudden injection. Their work indi- 


cated that continuous infusion techniques improved 


"the repeatability of the results, but recirculation 


proved to be a troublesome consequence. Recently 


Morch et al. reported an indicator-dilution tech- 


nique that largely eliminates errors due to recircula- 
tion. This approach utilizes a continuous infusion of 
113yenon in saline solution that diffuses rapidly from 


. the lungs so that little recirculation occurs. Sampling 


is performed from the left atrium and the aorta or 


- brachial artery during left ventricular infusion. This 


- method permits repeated relative concentration mea- 


surements to be made under steady state conditions, 
thereby reducing the errors due to incomplete mix- 
ing. However, the requisite use of multiple sampling 
catheters limits the frequency and safety with which 


- indicator-dilution methods for quantitation of valvu- 


lar insufficiency can be applied in clinical practice. 
— A technique for quantitating valvular regurgitation 


‘that avoids the use of multiple catheters, and in par- 


ticular the need for left heart catheterization, would 
be useful. This report describes a mathematic model 


- that has been applied to clinical radionuclide angio- 
 eardiographic studies for accurate computation of | 


total, forward and regurgitant ejection fractions, re- 


 gurgitant fractions and chamber volumes for the in- 


volved atrium and ventricle. The model from which 


this approach has been derived is based on a discret- 


ized or pulsatile system of pumping chambers that 


defines the distribution of tracer activity within the 
atrial-ventricular-arterial system during the washout 
of a bolus of radionuclide. This model is applicable to 


. right and left heart studies under the assumption of 


- bolus entry of radionuclide into the atrium on the 


side of the heart studied. It provides solutions for the 
- regurgitant fractions that quantitate the severity of 


mitral and aortic insufficiency in left heart studies, 
and tricuspid and pulmonary insufficiency in right 
heart studies. Determination of the regurgitant ejec- 
tion fraction for each valve permits calculation of the 
forward ejection fraction. In addition, if forward 
stroke volume is measured independently by indica- 
tor-dilution methods, the approach yields end-dia- 
stolic and end-systolic volumes for the involved atri- 
um and ventricle. 'This technique has been applied to 
clinical radionuclide angiocardiographic data, and 
the results are compared with results from left cine- 
ventriculographic studies. 


Definitions and Nomenclature 


The definitions and relations that are essential to the un- 
derstanding of this work are given in equations 1 through 
10. 


CO = Cardiac Output (liters / min) (1) 
HR = Heart Rate (beats / min) (2) 
T = Cardiac Period (sec / beat) = 60/HR (3) 

- FSV = Net Forward Stroke Volume (ml) 


1,000 (CO/HR) (4) 


TEF = Total Ejection Fraction = (EDV — ESV)/EDV 


(5) 


FEF = Forward Ejection Fraction = FSV / EDV (6) 
EDV = End-Diastolic Volume (ml) = FSV/FEF (7) 
ESV = End-Systolic Volume ! ml) 
= EDV(1 — TEF) (8) 
REF = Regurgitant Ejection Fraction 
= TEF — FEF = 1 — (ESV + FSV)/EDV (9) 
RF = Regurgitant Fraction = (Regurgitant 


Flow / Total Flow) across a Given Valve (10) 


The basic concept upon which the contrast angiograph- 
ic assessment of valvular insufficiency is based may be 
stated in terms of the quantities cited as follows: (EDV — 
ESV) > FSV in the presence of valvular regurgitation. In 
clinical practice the values of end-diastolic and end-systolic 
volume are usually determined by volume computations 
performed using the left cineventriculogram, whereas the 
forward stroke volume is computed by dividing the cardiac 
output (determined by indicator-dilution or other meth- 
ods) by the heart rate. The relation for regurgitant ejection 
fraction given in equation 9 can then be applied. This ap- 
proach to determining regurgitant ejection fraction is 
therefore descriptive of the severity of valvular regurgita- 
tion without specifically defining the individual regurgitant 
contributions of the two valves. 

Indicator-dilution methods, on the other hand, provide 
direct measurement of the regurgitant and forward flow 
across the individual valves. This approach directly facili- 
tates the computation of the regurgitant fraction or regur- 
gitant index, which is defined*? in equation 10 as (regurgi- 
tant flow/total flow) across the valve. Total flow is de- 
fined as regurgitant flow plus net forward flow. The con- 
cept of regurgitant fraction is thus specific in defining the 
degree of insufficiency associated with each individual 
valve. 

Radionuclide angiocardiographic methods for deter- 
mining total ejection fraction have been reported.?-1! This 
previous work has been based upon the tenet that a con- 
stant proportionality exists between the cardiac chamber 
volume and the fractional drop of the radionuclide time- 
activity curve during systole. The methods described here- 
in utilize the beat by beat ejection fractions and exponen- 
tial time constants computed from the time-activity curves 
for both the atrium and ventricle and thereby facilitate the 
computation of regurgitant ejection fraction for each cham- 
ber as well as the regurgitant fraction for each individual 
valve. 


Radionuclide Angiocardiography 


Atrial and ventricular time-activity curves: To apply 
the analytic methods reported here, it is necessary to ac- 
quire a pair of time-activity curves that are representative 
of the amounts of activity in the atrium and ventricle ex- 
clusively, after the introduction of a bolus of radioisotope 
into the atrium. A no. 7F Swan-Ganz flow-directed. ther- 
modilution catheter (Edwards Laboratories model 93-118- 
7F) is positioned in the superior vena cava for right heart 
studies or in the pulmonary arterial wedge for left heart 
studies. Injection of a bolus of 8 mc of 9?"technetium as 
pertechnetate concentrated in a 1 ml volume is made by 
the method of Steele et 21.9?! Scintigraphic data are col- 
lected at 20 frames/sec by the camera-computer system for 
25 seconds after injection. This system consists of a PDP- 
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FIGURE 1. Typical pair of background-corrected atrial-ventricular curves in nonregurgitation (a >v, g = 0, i = 0). The least squares exponential _ 
fits with rate constants a and v are shown superimposed on the atrial and ventricular curves, respectively. Also indicated are the points of end- 
systole and end-diastole, which are utilized to compute the total ejection fractions for the atrium and ventricle on a beat by beat basis. 


12 computer (Digital Equipment Corp.) interfaced to a 
Pho/Gamma HP Anger camera (Searle Radiographics 
Inc.). The 20 frame/sec capability of this system permits 
studies to be performed in patients with heart rates up to 
120 beats/min with negligible distortion of ejection frac- 
tions due to sampling. Cardiac output is determined by in- 
docyanine green dye (Stewart-Hamilton) or thermodilution 
technique!? immediately before the radionuclide study. 
The electrocardiogram is also digitized and recorded along 
with the image data for determination of heart rate and de- 
tection of premature beats. 

Preparation of the data for analysis begins with a "cine- 
fashion" computer playback of the digitized scintigraphic 
images on the cathode ray tube display to locate the valvu- 
lar plane that defines the atrial-ventricular separation and 
also to verify that good bolus entry into the atrium from 
the superior vena cava or pulmonary artery wedge has been 
achieved. Several seconds of data are then summed togeth- 
er to form an integrated image that clearly demonstrates 
the end-diastolic borders of the atrial and ventricular sil- 
houettes and the locations of the great vessels of the heart. 
With use of this integrated image, four areas-of-interest are 
then defined that correspond to the atrium, the ventricle 
and the associated backgrounds for the two chambers as 
discussed and illustrated elsewhere. The background 
areas-of-interest detect scattered radiation from adjacent 
portions of the central vascular system and radiation that 
has left the heart and entered the vasculature of tissue sur- 


rounding the heart chamber. These same background com- 
ponents of activity are present within the atrial and ven- — - 


tricular areas-of-interest and contaminate these curves so — 


that they do not exclusively represent the activity within 
the cardiac chambers themselves. The work of Van Dyke et 
al.” has demonstrated the necessity of making a subtractive 
correction for this time-variable background contamination 
of the chamber curves. 


Analysis of time-activity curves: At this point, the S 
time-activity curves for the atrium and ventricle are ready 


for analysis. It is important to realize that these curves are 
representative of the amount of radionuclide tracer that is 


contained in a particular cardiac chamber as a function of — 


time. These curves should not be confused with time-con- 


centration curves that result from indicator-dilution sam- 


pling techniques. A pair of left heart atrial-ventricular — 
curves from a normal patient illustrating a pattern of non- 


regurgitation is shown in Figure 1. A visual impression of — $9, 


valvular competence results from the "stair-step" appear- — 
ance demonstrated by both of these curves. By contrast, a . 


tendency for both curves to rise persistently during diastole _ 


would indicate that tracer was regurgitating back and forth a 
between the atrium and ventricle. This oscillatory charac- 
teristic is illustrated by the atrial and ventricular curves 


from the left heart study shown in Figure 2. This pattern — 


should not be confused with delayed arrival of the bolus, as 
seen in the first beats of the ventricular curve of Figure 1, 
before the atrium has completely cleared. A ventricular 
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iues to undulate long after the atrium has 
sd of radionuclide without oscillation is in- 
ritation between the ventricle and the out- 
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-ventricular curves of Figure 3 demon- 
ical pattern associated with aortic insuffi- 


8 consistent with the indication of mitral 
be observed in the curves of Figure 2. The 
nce of the atrial curve with negligible un- 
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ficiency exists, it is impossible to form a visual impression . 
regarding the presence cf cc mbined mitral and aortic insuf- 
ficiency from these curves alone, It might seem reasonable 
to define an area-of-interes: over the. aorta and then. exam 
ine the extracted time-activity curve for undulations in th 
filling phase of the aorta. We have found that the right. ai 
terior oblique 40° view utilized does not clearly. ‘expose, a 
sufficient length of the aorta to make this practical. jme 
'The quantitative method that follows should permit the: 
quantitation of combined mitral and aortic insufficiency 
(or tricuspid and. pulmonary insufficiency). To date we. 
have had insufficient experience » confirm this is the case. 
The results from the application of this model to the pas 
tient data reported here are therefore limited t to cases ofi in- 
sufficiency of a single v : 2 
Inaccuracy. 
separating. the 
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FIGURE 3. Typical pair of background-corrected curves in arterial-ventricular regurgitation (a > v, g = 0, i >0). The atrial curve demonstrates 
the nonregurgitant stairstep pattern similar to that of the atrial curve in Figure 2; the ventricular curve has the undulating regurgitant characteris- 


tic similar to that of the ventricular curve of Figure 2. 
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tates” between the portion of the ventricle included in the 
ventricular area-of-interest and the portion that has been 
erroneously excluded. Similarly, the inclusion of a portion 
of the ascending aorta in the left atrial area-of-interest 
would introduce the false pattern of mitral insufficiency in 
the atrial curve. 

Established tracer kinetic modeling techniques have pri- 
marily been based on continuous flow concepts that are 
conventionally solved by classical linear differential equa- 
tion methods or equivalently by Laplacian techniques. The 
pulsatile nature of blood flow is not accurately described by 
such continuous flow modeling techniques. We have found 
this to be particularly true in the case of ventricular-atrial 
regurgitation. Some mathematic concepts and methods are 
well suited to modeling and analysis of discontinuous or 
discretized phenomena. For example, the z-transformation 


ATRIUM 


ARTERY 
FIGURE 4. Block diagram illustrating the configuration of the pulsatile model defined by the recursion relations of equations 11. 
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technique for solving systems of finite difference equations 
has been extensively utilized throughout this work. (A tu- 
torial treatment of the z-transformation may be found in 
reference 13.) 


Two-Chamber Pulsatile Cardiac Model 


The two-chamber model is based on a system of recur- 
sion relations that define the amount of radioisotope tracer 
in the atrium and ventricle at each point of end-systole and 
end-diastole. The configuration of such a system is illus- 
trated in Figure 4 along with the ejection fractions neces- 
sary to define both ventricular-atrial and arterial-ventricu- 
lar regurgitation. The chambers are assumed to pump al- 
ternately, with the atrium at maximal volume (atrial end- 
diastole) when the ventricle is at minimal volume (ventric- 
ular end-systole) and vice versa. A bolus of radioactive 
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de ventricle wed outflow artery i in n Figure 4 are defined ` as 
follows: | | 


s Using equations 11, pairs of simulated atrial (A) and ventricular (V) time-activity curves have deen generated for the values cf f, ah 
ven. Equations 11 predict points of end-diastole and end-systole only. Straight line segments have been drawn between these points here 
trative purposes. The values simulated correspond to those of nonregurgitation (A), ventricular-atrial regurgitation (B), arterial-ventricular 
it ition «€ and bivalvular regurgitation (D). It is not possible to distinguish qualitatively between the patterns of B and D. 





b = the fraction of the ventricular end-diastolic. vol- >+ 
ume that is ejected forward into the outflew - 
artery, 

; = the fraction of the ventricular end-diastolic vol- 
ume that is regurgitated from the outflow ar- 
tery back into the ventricle. 


All of these quantities are defined as fractions of the end- 
diastclic volume of the atrium or ventricle. i 
Regurgitant fraction is defined as the ratio of regurgi- 
tant flow to total flow (total flow = regurgitant flow plus 
net forward flow) across an individual valve. By these defi- 
nitions, the regurgitant frection for the mitral or tricuspid 
valve is equal to g/(g + h — i). Similarly, the regurgitant. 
fraction for the aortic or pulmonary valve is equal to i/h. 
Thus, the ability to quantitate valvular insufficiency on the. 
basis of regurgitant fraction is fundamentally based on the 
individual determination of values for f, gh and i from the 


radionüclide angiocardiographic data, Table I defines some |. us 
of the commonly used cardiac ejection parameters in torme ium 


of the model ejection parameters f,g,handi — ^ m 
d applying d the ee cone Po given to the sys- = 











cycle after bolus entry as functions of f, g, h and i and the 
previous state of the system (equations 11). 


AS, =(1- f): AD,-; 


VD, = VS, + f: AD, , + i VD, 

AD, = AS, t g* VD, 

VS, = [1 — (g t h)|: VD, (11) 
where, n = 1, 2, 3, - ——; ADo = I, VD, = 0, and VS, = 0. 


'The initial conditions cited define bolus entry of I amount 
of radioisotope tracer into the atrium during the zero-th 
atrial diastole. A set of idealized curves based on equations 
11 have been generated for values of f, g, h and i consistent 
with nonregurgitation, ventricular-atrial regurgitation, ar- 
terial-ventricular regurgitation and bivalvular insufficiency 
and are shown in Figure 5, A, B, C and D, respectively. 

The state variable equations 11 have been solved to ob- 
tain closed form solutions for f, g, h and i. The complete 
derivation and closed form solutions are presented else- 
where.!^ Briefly, the state-variable equations have been 
used to generate a set of finite difference equations that are 
then solved by z-transformation methods. These closed 
form solutions can be used to justify rigorously the rela- 
tions given for the special cases considered next. 


Nonregurgitation (g = 0, andi = 0) 


In the absence of regurgitation, it is possible to deter- 
mine the forward ejection fractions of the atrium and ven- 
tricle by fitting single exponential curves to the latter por- 
tions of the respective time-activity curves (Fig. 1). Our 
model implies that the final clearance rate of the atrium 
should be greater than that of the ventricle in this case.!4 
Use of the latter portions of the curves tends to minimize 
the problems associated with late entry and incomplete 
mixing of the radionuclide. The end-diastolic and.end-sys- 
tolic volumes for each chamber can then be computed 
using equations 7 and 8, where cardiac output is measured 
by indicator-dilution methods and forward stroke volume 
is computed from equation 4. 

A typical pair of time-activity curves obtained clinically 
is shown in Figure 1. If the assumptions implicit to applica- 
bility of the model are satisfied, then the ejection fractions 
f and h and the end-diastolic and end-systolic volumes of 
the atrium and ventricle can be computed. The nonregurgi- 
tant model solutions are summarized in equations 12, 
where a and v are the rate constants from least squares fits 
to the latter portions of the atrial and ventricular curves, 
respectively (Fig. 1). 


TABLE | 


Definitions for Total, Regurgitant and Forward Ejection 
Fractions and Regurgitant Fraction in Terms of the Model 
Ejection Parameters f, g, h andi 


Atrium Ventricle 
Total ejection fraction f g+h 
Regurgitant ejection fg 
fraction g+(h—i) 
Forward ejection fraction ND (h — i) 
g + (h —i) 
Regurgitant fraction ATE. M : in 
g t (h—i) h 


* — mitral or tricuspid insufficiency. 
T = aortic or pulmonary insufficiency. 


f AD,-; D. AS, ~ 1 pí T) 
NEU EL AAAA OE IT AE. m CBN ae 
AD,- 
VD, — VS, i 

h = Reais t s RE 1 —. exp(—v:T) 
v. 
ESV, = EDV,:(1 — f) 
ME Lc 
ESV, = EDV,:(1 — h) 


Ventricular-Atrial Regurgitation (g >0 and i = 0) 


The conditions given correspond to mitral or tricuspid - 


Éj 


insufficiency. As has been discussed for this case, the atri- 
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m IT 


13) - 


um and ventricle tend to clear with the same time constant — 
during the latter portions of the study. Thus, a = v as . 


shown in Figure 2. Under these conditions the relations for 


^ 
4 


determining the ejection fractions and chamber volumes | 


are given by equations 13: 
f " (ADi; ay AS,)/ AD, 
(g + h) = (VD, — VS,)/ VD, 
r = exp(—-a: T) = exp(—-v: T) 
Ii =D MD =F 
p= SES, - | ) TE Ae 2N 


r 
g=(g +h) -h 


EDV, = psv .|8 2 J 





fth 
ESV, = EDV,:(1 — f) 
V 
ESV. = EDV,*[i = (g + h)] (13) 


Arterial-Ventricular Regurgitation (g = 0 andi >0) 
Our model implies that a >v for this case.!* The pattern, 


which is consistent with arterial-ventricular regurgitation, — 


i shown in the curves of Figure 3. Under these conditions 
the relations for determining the ejection fractions and 
chamber volumes are given in equations 14: 


AD,.., E AS, 
= ROTE Wp ie c 1 — exp(—a-T) 
, _ WD, — VS) 
f VD, 
: VD- D VD, 
n 9g T DVD EAT ~ 1 — exp(-v-T) 
ey, - BY 
ESV, acd EDV, (1 Lagi f) 
FSV 
PRY Y h.v.) 
ESV, = EDV,- — h) (14) 


Bivalvular Regurgitation (g >0 and i >0) 
Our model proposes that a = v in this case and that an 


"xmi ess TE T- 
— Cael dua cnr Rm, di uds A 


~ QUANTITATION OF VALVULAR INSUFFICIENCY—KIRCH ET AL. 


additional parameter, related to the ventricular wash-in 
rate, must be extracted from the ventricular time-activity 


. curve. The parameter r is first determined using equation 
sie 


r = exp(—a:T) = exp(—v-T) (15) 


! 'Then the parameter s is computed using equation 16: 








s\" VS, VD, 
J-e 


— = (16) 
VS, VD, 


. The quantities VDn and VS, in equation 16 represent back- 
. ward extrapolation of a pair of single exponential functions 
- with rate-constant v = a passing through the points of ven- 


. tricular end-diastole for 


n and through the points of ven- 
tricular end-systole for VSn. A pair of exponentials illustrat- 


- ing this procedure is shown in Figure 2. Then the heart 


| 


model parameters and the chamber volumes are given by 
. equations 17. 


AD,., Jr AS, 
AD,- 
VD, F VS, 
VD, 


ga 
+ 
B 
I 


j rs 
rg mf) oe 
B DISSI 


— (g + h)] 





h = t 
FSV 
BN th — lerh -)] 
| FSV 
NON hi) 


ESV, = EDV, 1 — (g + h) (17) 


E Although we have encountered no proved clinical cases of 


_ bivalvular insufficiency to which this method could be ap- 
-. plied, this procedure can be applied to any case of isolated 
mitral or tricuspid insufficiency to verify the hypothesis 
_ that i = 0. Results of this approach are reported later. 


Zz i v+ 


Analysis of Radionuclide Angiocardiographic Data 


Insufficiency of single valve: The qualitative 


reasoning that facilitates the identification of each 
_ type of insufficiency of a single valve by visual assess- 
. ment of the patterns illustrated in Figures 1 to 3 has 
- already been discussed. Selection of the appropriate 
- model solution from equations 12, 13 or 14 on the 
- basis of these qualitative criteria presents little diffi- 


culty providing that bivalvular insufficiency can be 


- ruled out before analysis of the radionuclide angio- 
- cardiographic data. In cases of nonregurgitation and 
_ single valvular insufficiency, in theory, at most three 
_ parameters need be extracted from the pair of atrial- 
- ventricular time-activity curves. These parameters 
are: a and v in nonregurgitation; f, (g + h) and a =v 


in ventricular-atrial regurgitation; and a, v and h in 
arterial-ventricular regurgitation. The parameters f 
and (g + h) are the total ejection fractions for the 
atrium and ventricle, respectively, and a and v are 
the rate constants obtained by performing least 


squares fits to the single exponential clearance por- 
tions of the atrial and ventricular time-activity 


‘curves, respectively. Having obtained these parame- 


ters and selected the appropriate model solution 
from equations 12, 13 or 14, one can solve for the 
chamber volumes and regurgitant parameters of 
choice. Although no more than three parameters are 
required in these cases, determination of the “super- 
fluous" parameters can be used to check the validity 
of the model and the validity of the assumption of a 
special case. For example, both a and v can be mea- 
sured in ventricular-arterial regurgitation to test for 
their equality, and the parameter s can be measured 
to test for absence of the bivalvular regurgitation. 

Bivalvular insufficiency: If bivalvular insuffi- 
ciency is suspected, then the pair of atrial-ventricular 
time-activity curves will display a visual pattern that 
is qualitatively identica! to that of the ventricular- 
atrial regurgitation shown in Figure 2, and quantita- 
tion requires determination of the value of the pa- 
rameter s as defined in equations 15 and 16. This is 
accomplished by performing the backward extrapola- 
tion of the function exp (—v- T) along the points of 
ventricular end-diastole and end-systole to lower 
values of n, as illustrated in Figure 2, and application 
of equations 16. Since we have not had the opportu- 
nity to analyze any verified clinical cases of bivalvu- 
lar insufficiency, we have utilized equations 15 
through 17 only to verify the absence of aortic insuf- 
ficiency (i = 0) in some of the cases of isolated mitral 
insufficiency included in Table II. Specifically, we 
have obtained values for r and s using equations 15 
and 16 and have then solved equations 17 for the four 
cases of isolated mitral insufficiency marked by an 
asterisk in Table II. This procedure was found to 
yield values of i very close to zero (i <0.05) in all four 
cases. Although this result gives us some confidence 
that the presence of bivalvular insufficiency is ade- 
quately quantitated by equations 15 through 17, the 
rarity of clinical cases and lack of a suitable standard 
of comparison constrains this conclusion to be tenta- 
tive. 


Results of Clinical Application 


The radionuclide angiocardiograms from 18 pa- 
tients with valvular insufficiency were analyzed by 
the methods outlined in this report. Twelve of these 
patients had left-sided valvular insufficiency and six 
had tricuspid insufficiency. For the six with tricuspid 
insufficiency, semiquantitative evaluation using the 
dye-dilution methods of Hansing et al.!° was under- 
taken with excellent correlation. 

Validation of the radionuclide methods reported 
here for 12 patients having mitral or aortic insuffi- 
ciency was undertaken by determining the total left 
ventricular ejection fraction, end-diastolic volume 
and stroke volume using the area-length method ap- 
plied to the left cineventriculogram.!9!? The deter- 
mination of the net forward stroke volume was made 
by dividing the cardiac output (determined by indi- 
cator-dilution methods) by the heart rate. Thus, we 
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Left Ventricular Left Ventricular Left Ventricular Left Ventricular Left Ventricular Left Ventricular 
Atrial TEF FEF REF RF EDV (ml) SV(m) — 
Case Valvular BSA FSV TEF saa ux gu vr WIS MALO (o AS DS LM 
no. Lesion (m?) (ml) (Radio) Radio Angio Radio Angio Radio Angio Radio Angio Radio Angio Radio Angio 
1 MI 2.23 110 0.44 0.65 0.64 0.49 0.45 0.17 0.19 0.26 0.29 227 221 149 142 
2 MI* 2.17 135 0.54 0.68 0.70 0.36 0.37 0.32 0.33 0.47 0.47 375 364 254 258 
3 MI* 1.98 34 0.32 0.34 0.28 0.24 0.21 0.10 0.07 0.29 0.25 143 128 49 36 A. 
4 MI* 1.87 65. 0.98 « 0.43 —-0.48. .0.30 0.24% .0:13.. 024 70:29... 0.50. 2129 200 91... 1229 se 
5 MI 1.90 20 0.43 0.53 0.50 0.18 0.08 0.34 0.43 0.65 0.85 305 269 153 135 y 
6 MI* 1.70 126 0.65 - 0.56 0.71 0:28 0.29 0.28 0.42 0.51 | 0.59 — 352.438 19b | 308 toe 
7 MI 1.80 30 0.36 0.40 0.37 0.11 0.12 0.30 0.24 0.73 0.66 278 244 113 89 ' 
8 MI 1.92 58 0.44 0.53 0.59 0.16 00.12 -0.377 0.47; (0.70 0.80 365 483 192 285 AY. 
9 MI 1.60 39 0.42 0.32 0.34 0.18 0.14 0.14 0.12 0.43 0.58 211 270 68 93 » 
10 Al 2.06 89 0.74 0.69 0.80 0.33 0.28 0.37 0.51 0.53 0.64 277 314 188 250. 4 
11 Al 1.69 32 4 0.60 0:71 0:64 0.26. 0.20 0.45. 0.4. 0.64 0,68 128 s. 1 9] 103 E 
12 Al 2.08 42 0.55 0.55 0.50 0.30 0.32 0.24 0.14 0.44 0.32 138 136 75 61 T 
r 0.907 0.946 0.855 0.843 0.907 0.899 : 


EEUU O a e ee RR ae 
Al = aortic insufficiency; Angio = values determined by left cineventiculography; BSA = body surface area; EDV — end- diastolic | 
volume; FEF — forward.ejection fraction; FSV — net forward stroke volume measured by indocyanine green dye; MI = mitral insuf- — 
ficiency; Radio — values determined by radionuclide angiocardiography; REF — regurgitant ejection fraction; RF — regurgitant fraction; | la 
SV = stroke volume; TEF = total ejection fraction. See Table | for definitions of TEF, REF, FEF and RF in terms of f, g, hand i. See . 


text for explanation of cases marked by an asterisk. 


were able to compare the left ventricular total, for- 
ward and regurgitant fractions and the left ventricu- 
lar end-diastolic volume and stroke volume. All of 
these determinations demonstrated a good correla- 
tion between the two methods (correlation coefficient 
>0.85 in all cases, Table I). 


Discussion 

The analytic technique discussed here is based 
upon solution of a set of discrete state-variable equa- 
tions using z-transformation methods. This approach 
to modeling the heart is appropriate and useful, but 
it is by no means the only analytic approach to the 
problem. Tracer kinetics have been modeled more 
commonly by continuous flow concepts that are con- 
ventionally solved by linear differential equation 
methods or, equivalently, by Laplacian techniques. 
We have found that the pulsatile nature of intracar- 
diac blood flow is not accurately described by such 
continuous flow concepts. One of the essential prob- 
lems encountered in attempting to apply continuous 
flow methods to cardiac dynamics is the difficulty of 
introducing the concepts of end-diastolic and end- 
systolic volume into the model. Ishii and MacIntyre!? 
discussed this problem in their recent work on esti- 
mation of cardiac chamber volumes from radioiso- 
tope washout curves. They concluded that it was nec- 
essary to compute the equivalent volumes of contin- 
uously perfused mixing chambers based on the expo- 
nential time constants of the isotope washout curves, 
and these volumes were compared with the end-dia- 
stolic volumes determined by left ventricular cinean- 
giography. This approach was, in part, dictated by 


t y 
E » 


)€ 
ai 


the inadequate temporal response of their computer- - | 
camera system, which was unable to resolve individu- . 


al heartbeats. 


Comparison of pulsatile and continuous flow | 
models: A comparison between the pulsatile model — 


and a continuous flow linear differential equation | 


= 


model was performed using a digital computer pro- | 
gram to generate idealized pairs of atrial-ventricular 
curves in mitral insufficiency. An important observa- — 


tion resulted from this work. The percent error be- 
tween the ventricular forward ejection fraction deter- 
mined by the pulsatile model and the continuous 
flow model ranged from zero percent in nonregurgita- 
tion to 3.0 percent for the typical case corresponding 


to f = 0.6, g = 0.3, h = 0.3 and i = 0. The conceptual - 
explanation for this difference is based on the tempo- — 


ral relations for f and g assumed by the two models. 


Specifically, since the continuous flow model assumes . 


that regurgitant flow is occurring simultaneously | 


with forward flow, 


erroneous alteration of the — 


amount of radionuclide in the ventricle due to the re- — 
gurgitant flow occurs coincidentally with the forward - 
flow from the atrium and vice versa. Thus, the physi- . 
cally unrealizable assumption of simultaneous two- — 
way flow through the mitral valve is the conceptual - : 


error inherent in the continuous flow linear model. — 


The pulsatile model, on the other hand, avoids this . 
discrepancy by defining the system state transitions i 


given in equations 11 in a manner that does not as- - 


sume simultaneous two-way flow across either valve. 


4 


There is no difference in the computational difficulty 
of applying the two models to clinical radionuclide : 


data providing that the beat by beat values for the 


2 


ran E 
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total ejection fractions of the atrium and the ventri- 
cle are available. If the total ejection fractions are not 
available, then the continuous flow model must rely 
on the values of exponential least squares fits to the 


early portions of the time-activity curves where in- 


complete mixing is likely to cause errors. 
Determining relative counting efficiencies: An- 


-other difficulty circumvented by the analytic ap- 


proach taken herein is that of determining the rela- 


. tive counting efficiencies between the atrial and the 


ventricular time-activity curves. For the technique 
described here to be effective it is necessary only to 


- produce curves that are proportionally representative 


of the amount of tracer in the cardiac chambers at 


each instant of time. At no point does this solution 


require the simultaneous use of the magnitudes of 


- the atrial and the ventricular curves. As an example 


. of easily derived mathematic solutions for h and i, 


which are more difficult to utilize in practice because 


‘of the requirements of known relative counting ef- 


. ficiencies for both curves, one can solve equations 11 
.. directly for the solutions given in equations 18: 


g na (AD, vé AS,)/ VD, 
h (pb h) - g 
i-(VD,, — VS, —-f AD,)/VD (18) 


 . Since the magnitudes of the atrial and ventricular 
— curves enter these solutions simultaneously, relative 


detection sensitivity for activity in the atrium and 
ventricle must be known. This requirement is diffi- 
cult if not impossible to achieve in practice. 

Iterative parameter estimation: This technique 


. offers an alternative, but computationally demand- 
- ing, analytic approach. It utilizes equations 11 to gen- 


erate successive sets of atrial-ventricular curves simi- 
lar to those of Figure 5 while f, g, h and i are varied. 
Each estimated set of curves is then compared with 


_ the original curves by a least squares error criterion 
until a condition of minimal error is reached. The 
values of f, g, h and i that produce this condition of 


minimal error are then taken as the best estimates 
for these parameters. Two difficulties that might be 
expected with this approach are the excessive 
amount of computer time usually associated with this 


method and the lack of assurance that the solution 
exists or is unique. 


. Advantage of analytic approach to quantitat- 
ing valvular insufficiency: Several significant ad- 


_ vantages have been realized by the pulsatile ap- 


proach to quantitating the severity of valvular insuf- 


ficiency: 


1. As much as possible, the application of this so- 


lution avoids the use of the very early portions of the 


curves where nonuniform mixing and late bolus entry 
make accurate extraction of certain parameters diffi- 
cult. 

2. The solutions obtained by this approach are 
unique and nonambiguous, and they permit quanti- 
tation of mixed valvular insufficiency with one single 
study for each side cf the heart. 

3. The computations required are straightforward 

and simple enough to be performed by hand, if neces- 
sary. 
4. At no point does this method require that the 
counting efficiencies of the data collection system be 
equal for both the atrium and the ventricle. This per- 
mits the use of areas-of-interest that are large enough 
to be representative of the cardiac chambers but do 
not include the entire chamber. 

5. Since the ejection fractions and rate constants 
are averaged over several beats, errors due to irregu- 
lar cardiac contractions are minimized. 

6. The model relies on clinical diagnostic proce- 
dures that have been shown to produce consistently 
repeatable results and that can be frequently applied 
because left heart catheterization is not required. 
'Thus, serial studies can be performed to aid in the 
evaluation of patients for surgical intervention and of 
the results following operation. 

7. Since the injected volume in performing radio- 
nuclide angiocardiography is very small (1 ml of tech- 
netium followed by 5 ml of saline wash) there is little 
likelihood of disturbing the system under study. 
Thus, problems inherent in contrast angiographic 
techniques are not incurred by the method reported 
here. Also, since ejection fractions computed from ra- 
dionuclide angiocardiographic curves are based on 
true volumetric proportionalities, the method does 
not assume an ellipsoidal geometric configuration of 
the ventricle. 

By this method one can compute accurately total, 
forward and regurgitant ejection fractions and regur- 
gitant fractions for the mitral and aortic valves. Fur- 
thermore, after computation of the forward and total 
ejection fractions for the atrium and ventricle, it is 
possible to compute the end-diastolic and end-systol- 
ic volumes for these chambers. The accuracy and rel- 
ative safety that this method provides, without loss 
of diagnostic information, makes it a highly useful 
tool for quantitating valvular insufficiency. 
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Injection of normal saline solution or indocyanine green dye through i in 
tracardiac catheters results in ultrasonic reflections from the site of in- 
jection. To evaluate the diagnostic usefulness of this observation, altra- ANE 
sonic transducers were first placed directly on the pulmonary artery or = 
ascending aorta of six open chest dogs. The rapid injection of 5 ml of 
normal saline solution into the femoral vein or left atrium produced a . a 
"cloud" of contrast echoes filling the pulmonary artery or ascending 
aorta. Thus, the echo-reflecting phenomenon persists during the pas- . 
sage of blood across two cardiac valves. Sixty-two patients aged 2. 
months to 70 years were then studied during cardiac catheterization; —_ 
recordings were made during injection of indocyanine green dye or  - 
normal saline solution. Contrast echoes appeared in the left atrium 
after left ventricular injection in 14 of 16 patients with mitral regurgita- — 
tion. Aortic root injection produced contrast echoes in the left ventricle 
in 13 of 16 patients with aortic regurgitation. Valvular regurgitation as z 
small as 10 percent by angiographic determination was detected. _ 
Shunting was detected in patients with atrial and ventricular septal de- — . 
fects, patent ductus arteriosus and tetralogy of Fallot. Catheter-in- _ 
duced mitral regurgitation was demonstrated in one patient. This meth- 
od is a sensitive and accurate qualitative technique for detecting intra- 
cardiac shunts and valvular regurgitation. | 





























If a liquid is injected rapidly through an intravascular or intracardiac 
catheter while a beam of ultrasound is traversing the cavity of the | 
chamber into which the injection is made, a “cloud” of echoes results; .. 
this "ultrasound centrast method" has been used to verify the echo- oe 
cardiographic identification of cardiac structures in clinical and ex- 
perimental studies. In this study we attempted to determine © 
whether the ultrasonic contrast echoes could be used as a “marker” = 
for the demonstration of valvular regurgitation or intracardiac < 
shunts, using an external ultrasonic transducer as a sensing device. i 


Methods 








Animal Studies 


Animal experiments were first, performed to determine whether the ultra- 
sonic contrast echoes persisted during the passage of blood across cardiac 
ascular Division, Department valves and through the pulmonary and systemic capillaries. Six adult mon- 
rtment of Pediatrics, Uni- grel dogs were anesthetized with sodium pentobarbital, intubated and venti 
Veterans Administration lated using a Harvard respirator. A median thoracotomy was performed, the 

fa. This study was sup- pericardium incised and the anterior surface of the heart exposed. An ultra- 
m hes lowa Heart sonic transducer was placed directly on the exposed anterior surface of 
| ry and subseque: tly yon ihe exposed. anterior surfac 






















traverse the. cavity of the pul nona 
















































ess FIGURE 1. Open chest dog. Ultrasonic recording from a transducer directly on the aortic root. Saline solution, 5 cc, is injected : irect 
..leftatrial cavity (vertical arrow) in systole, contrast echoes (horizontal arrow) fill the aorta in the following systole. Ao = aorta. ^. 








catheters were placed in the femoral vein, left atrium and 
aortic arch; aortic pressure from the latter catheter was re- 
corded simultaneously with the echocardiograms. While re- 
^ cordings were being made, 5 cc of normal saline solution 
«was injected as rapidly as possible, by hand, into the femo- 
cC. ral vein and subsequently into the left atrial catheter in the 

- following sequence: (1) 5 cc into the femoral vein with the 
transducer on the pulmonary artery; (2) 5 cc into the femo- 
ral vein with the transducer on the aorta; (3) 5 cc into the 
-left atrium with the transducer on the aorta; and (4) 5 cc 
nto the left atrium with the transducer on the pulmonary 

-artery. | 


Clinical Studies 


A total of 62 children and adults were studied in the 
course of cardiac catheterization studies being performed 


for diagnostic purposes. The patients were chosen on the. 


basis of the clinical diagnosis of aortic or mitral regurgita- 
tion or intracardiac shunt, subsequently proved angio- 
graphically during the catheterization. 

(0. In 16 patients with angiographically demonstrated mi- 
^. tral regurgitation, 1 and subsequently 2 cc of Cardiogreen 
dye or 2 and then 5 cc of normal saline solution was inject- 
ed into a left ventricular catheter while an echocardiogram 

was being obtained and recorded on Polaroid? film or on a 

strip-chart recorder. Forceful hand injections were made 

^c “through catheters preloaded with the injectate; no flush in- 
>v. jections were made. The beam was directed to traverse the 
left ventricular outflow tract, anterior mitral valve leaflet 

and left atrial cavity. In 16 patients with aortic regurgita- 

>. o tion similar injections were made into a catheter in the as- 
=> cending aorta while the same echocardiographic recordings 

- were made. In these latter patients care was taken to place 
:the catheter no closer than 2 cm to the aortic valve to en- 
re that catheter movement during the injection did not 
advertently result in injection into the left ventricular 
itflow tract. 

n eight patients with a ventricular septal defect and left 
right shunt, left ventricular injections were made while 
hocardiograms were recorded; in six patients with an 
rial septal defect injections were made after the catheter 
vas advanced into the left atrium from the right atrium by 
way of the defect. In four patients with patent ductus arte- 






















ernal notch and directed caudad and to the left. : 
en dye inj te first made through a puli 
r nd identify the e pulni on 









josus the ultrasonic transducer was placed in the supra- 
j ardi- S 7E 


tery on the ultrasonic recording, and then sub 
through a catheter in the aorta near the ductus ar 
In one patient with "acquired tetralogy of Fallot’ 
ular septal defect and secondary pulmonary infuni 
obstruction with right to left shunt), C ardiogreen. dy 
injected into a catheter in the femoral vein while a le 
tricular echocardiogram was being recorded. Studi 
also performed in a control group of 11 patients whe 
ventricular and aortic root angiograms had shown 
tral and aortic valves to be competent. Left ventric 
aortic injections of saline solution or Cardiogreen 
performed to determine if the ultrasonic contrast 28 
would appear in a proximal chamber in these patien yi 
without valvular regurgitation. x 
'The regurgitant fraction was determined as follows: Lef 
ventricular volumes were obtained from left ventricular an 
giograms performed in the right anterior oblique proje 
tion. The end-systolic and end-diastolic volumes were o 
tained from the planimetered area and longest measurab 
length.’ Corrected volumes (Ve) were obtained by using t 
regression equations EDV, = (EDV X 0.92) — 32.5; ESV, = 
(ESV X 1.02) — 4.4, and SV, = (SV X 0.79) — 14.8, whe 
EDV = end-diastolic volume, ESV = end- systolic volur 
and SV = stroke volume.’ Regurgitant volumes were m 
sured as the difference between the angiographically » 
mined stroke volumes and stroke volumes calculated | Dy | 


aidad formulas using values for svateniic abd. puli me 
Ei arterial oxygen saturation and oe bulis x 


ferior ond caval oxygen onteni using the | 
Flamm et al.’ A 


Results 
Experimental Studies 


In each of the six dogs studied, inje 
ogreen dye or saline solution into the | 
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r injections produced a "characteristic “ 'cloud" of 
echoes i n the left ventricular outflow tract, but 1 no 


IVS = = interventricula 
lar outflow tract; MV = 


vein vertical arrow); contrast echoes appear in the pulmonary artery {horizontal arrow) several cardiac cycles later. Ao = 
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tients whose left atrial contrast echoes did not ap-. =+ 
pear, the regurgitant fractions were 20 and 39 per- . 
cent. k 

Aortic regurgitation: Contrast echoes were de- 
tected in the left ventricular outflow tract after aortic 
root injection in 13 of 16 patients (Fig. 5). The regur- 
gitant fractions in these patients ranged from 16 to 
70 percent. In the three patients in whom regurg:ta- 
tion was not detected by the ultrasonic contrast 
method, the respective regurgitant fractions were 10, 

and 51 percent. 

Combined aortic and mitral regurgitation: Five 
of the patients with aortic regurgitation also had mi- 
tral regurgitation. In three of the five patients with 
combined valvular incompetence, aortic root injec- 
tions produced contrast echoes in both the left ven- 
tricle and atrium (Fig. 6). In one of the two remaining 
patients contrast echoes appeared in the left ventri- 
cle but not in the left atrium. 


FIGURE 4. Mitral regurgitation. Normal saline solution, 5 cc, is inject- 
ad in i asto into: dne ME igri contrast echoes appear. in fme 

















EE LIRA UE TE CADAT dn Ws 
(FIGURE 5. Aortic regurgitation. Cardiogreen dye, 2 cc, is injected 
^. dto the aortic root; contrast echoes appear in the left ventricular 
ec outflow tract (arrow) as diastole begins. EKG = electrocardiogram; 
|. other abbreviations as in Figure 3. 


Ventricular septal defect: In six of eight patients 
with a ventricular septal defect and left to right 
. shunt, left ventricular injections produced contrast 
echoes in the right as well as the left ventricle (Fig. 
7). Pulmonary to systemic flow ratio (Qp/Qs) in these 
six patients ranged from 1.3:1 to 2.3:1. Of the two 
negative studies, one was technically inferior because 
. the patient was a restless, uncooperative child whose 
activity made it difficult to detect contrast echoes 
even in the left ventricle. In the remaining negative 
study in which contrast echoes were seen in the left 
but not in the right ventricle, the Qp/Qs ratio was 
29:1. 
| 7^5 Atrial septal defect: In four of six patients with 
. an atrial septal defect and left to right shunt, left 
atrial injections produced contrast echoes on both 
the left and right sides of the interventricular sep- 
tum. The Qp/Qs ratios in these patients were 1.7:1 
(primum type) and 2:1, 2.5:1 and 2.8:1 (secundum 
type). In the two negative studies the Qp/Qs ratio 
was 2.4:1 in one patient; in the second patient the de- 
fect was very small and the shunt detectable by indi- 
cator-dilution curve only. 
Tetralogy of Fallot: In one patient with a ventric- 
“ular septal defect and acquired pulmonic stenosis, an 
©. injection into the femoral vein produced contrast 
^ echoes filling the left ventricle several beats later 
«c (Pig. 8). This patient had a right to left shunt with a 
^Qp/Qs ratio of 0.77:1; arterial oxygen saturation was 
73 percent. 
< Patent ductus arteriosus: In two of four patients, 
uprasternal - echocardiograms showed contrast 
echoes appearing in the pulmonary artery after aortic 
: ie injection. The Qp/Qs ratio in these patients was 
5:1 and 1:1.1 (bidirectional shunt). In the two nega- 
vestudis the e qp: ratios y were 1. 9:1. and Le 









Ba o fot: recur on "subsequent injec eter rep , 
nK p nv = TENE ventricle; eme bore at ns as in Figure 3. 






FIGURE 6. Combined aortic and mitral regurgitation, Ni 
solution, 5 cc, is injected into the aortic root; contrast: 
pear in the left ventricular outflow tract (top arrow) as diasto 
gins, and in the left atrium (bottom arrow) as the next t systole 
gins. Abbreviations as in Figure 3. 






















Discussion 


Preliminary observations by several investiga 
tors! suggested that ultrasonic reflectance resulting 
from injections through intravascular. cathe 
might follow the path of the blood in patients with 
intracardiac shunts and valvular regurgitation. How 
ever, the sensitivity, accuracy and possible clinica 
utility of these observations have not been systemati 










FIGURE 7. Ventricular septal defect. Cai 
jected into the left ventricie, e ihe : 





FIGURE | 8. 


) several beats later. LV = 


ges Our i A studies | show that 


pp ihe average time from injection to detection 
he right side was 3 seconds. Similarly, left atrial 
ction during systole produced a cloud of echoes in 
rta. that initially appeared during the systole 
curring immediately after injection. The failure of 
noral venous. injections to produce echoes on the 
ide oF the circulation and of left atrial injections 
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: FIGURE 9 , Aorti 
-outflow tract (at 
tion, 5 cc; € di 








uired tetralogy of Fallot (ventricular septal defect and puimonic 
ce, is injected into a catheter in the femoral vein at the time indicated by the vertical arrow; contrast echoes fill the left ventricle (horizontal 
a left ventricle; other abbreviations as in Figure 3. 


infundibular stenosis with right to left shunt). Cardiogreen dye, 2 


regurgitation, as indicated by our success in detecting 
14 cf 16 cases (87 percent) of mitral regurgitation and 
13 of 16 cases (81 percent) of aortic regurgitation. In 
three of the five failures in patients with valvular re- 
gurgitation, the degree of regurgitation was mild—20 


percent or less—-and in one of the two others the |. 


presence of emphysema made recording difficult. — 
Thirteen of 19 intracardiac shunts were demen- ` 
strated. In one of the negative studies a restless and 
unceoperative patient made an adequate recording 
difficult to obtain, anc in another the right ventricu- 
lar eavity itself was small and difficult to identify, 
and thus abnormal echoes could not be definitely 
visualized. If these two cases are excluded, our suc- 
cess rate in demonstrating shunts was 76 percent. 
Technical causes of false positive or negative 
results: Technical considerations are important in 
obtaining accurate studies. Cardiogreen dye is the 
preferable injectate since it produces more detectable 
contrast echoes than normal saline solution; Figure 9 
shows that aortic injection of 2 cc of Cardiogreen dye 
in a patient with aortic regurgitation produced a 









































foam injected. with tl 


I asd aio influences the results. Multi- 
ational Institutes of Health or pigtail cathe- 
were used in the majority of cases and performed 
sfactorily. In one patient whose mitral regurgita- 
. was not detected despite a regurgitant fraction 
9 percent, an Amplatz left coronary catheter was 
d fer the left ventricular injection. The preformed 
ape and single end hole of this catheter? directed 
e liquid injectate high into the left ventricular out- 
flow tract and away from the mitral valve area, as 
own by subsequent angiographic dye injection; this 
'obably contributed to the false negative result. In 
another patient with a ventricular septal defect Car- 
ogreen dye injection initially produced echoes not 
only in the right ventricle as expected, but also in the 
left atrium (Fig. T). The latter finding was unexpect- 
ed since previous left ventricular angiograms had re- 
vealed no mitral regurgitation. It was then noticed 
that the catheter lay immediately adjacent to the mi- 
tral valve; hand injection of 5 cc of angiographic dye 
-resulted in mitral regurgitation. Repositioning of the 
catheter resulted in abolition of this artifactual mi- 
_ tral regurgitation by both echocardiographic and an- 
AST giographic methods; the contrast echoes continued to 
>; appear in the right ventricle because of the ventricu- 
^. lar septal defect. Aortic regurgitation could be pro- 
-ducec in a similar artifactual manner if the aortic 





























































-¢atheter was too close to the valve. Conversely, if the " 


= «aortic catheter was too far above the valve a false 
< co negative result could be obtained. In the negative 
i0 studies in patients with an atrial or ventricular septal 
-> defect, it is possible that streaming effects carried the 
contrast echoes away from the septal defects. Thus, it 
-might be advisable to perform multiple injections in 
different sites within a cardiac chamber if initial 
-studies are negative. 

^. A preliminary report? suggested that the ultrasonic 
-contrast method also permits aceurate diagnosis of 
— "might to left shunting, and we were able to confirm 
^. this finding in one case. That ultrasonic reflectance 
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A 67 year old man with a ventricular aneurysm and recurrent ventricu- 
lar tachycardia exhibited transient pacemaker failure during a period 
of severe procainamide toxicity. This failure consisted of marked pace- 
maker latency and abnormalities in both capture and sensing func- 
tions. Treatment of the drug toxicity with intravenous administration of 
sodium bicarbonate and sodium lactate resulted in dramatic reversal of 
these abnormalities; these findings are described and documented 
with serial electrocardiograms and serum procainamide levels. 


A demand pacemaker functions as an automatic, nonparasystolic 
ventricular focus of ectopic activity. Its capacity to effectively couple 
electrical and mechanical events in the myocardium is dependen: on 
the electrophysiologic properties of threshold, conductivity and re- 
fractoriness. A pacemaker that is still capable of normal function may 
cease to stimulate the myocardium if these electrophysiologic proper- 
ties of the ventricle are altered by toxic doses of an antiarrhythmic 
drug, such as procainamide. 


Case Report 


In November 1972 a 67 year old man with a history of an inferior wall myo- 
cardial infarction in 1963 and a subendocardial infarction in February 1972 
began to experience recurrent ventricular tachycardia necessitating multiple 
hospital admissions for direct-current cardioversion and trials of drug thera- 
py. In December 1972 a bipolar Medtronics demand pacemaker was posi- 
tioned in the apex of the right ventricle, which was thereafter stimulated at a 
rate of 90/min, in a vain effort to prevent the tachycardia. He was transferred 
to the Albany Medical Center on June 9, 1973. Drug therapy at the time of 
admission included procainamide (Pronestyl®), 750 mg orally every 3 hours; 
digoxin, 0.25 mg daily; furosemide, 80 mg daily; and propranolol, 5 mg four 
times daily. 

Cardiac catheterization 3 days after admission revealed a large inferior 
wall aneurysm sparing the posterior papillary muscle, a hypokinetic anterior 
ventricular wall and left ventricular end-diastolic pressure of 15 mm Hg. The 
proximal right coronary artery exhibited 50 percent luminal narrowing, the 
proximal left anterior descending artery 90 percent and the distal circumflex 
artery 50 percent narrowing. The proximal posterior descending branch of 
the right coronary artery was totally occluded. After cardiac catheterization 
prerenal azotemia developed, as well as increasing congestive heart failure 
that culminated in pulmonary edema. On the basis of the electrocardiogram 
recorded on the morning of June 15, procainamide toxicity was suspected. 
Progressive prerenal azotemia was assumed to have impaired procainamide 
excretion. Increased levels of this drug, possibly enhanced by the effects of 
dye injection at cardiac catheterization, would account for the marked deteri- 
oration in left ventricular function. Administration of procainamide and pro- 
pranolol was discontinued. 

Electrocardiograms and serum procainamide levels: Table I defines 
the temporal sequence of the electrocardiograms displayed in Figures 1 to 3. 
It also tabulates pertinent laboratory data, including serum potassium levels 
and the therapy that produced remarkable improvement within hours. An 
electrocardiogram (Fig. 1A), recorded on June 9 when the patient was receiv- 
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. ing the Pus PAN previously indicated, id apace- tient's mental status cleared and his blood pressure was au- 

ia rate of 90/min, no latency and a QRS duration of dible at 100 mm Hg. The serum procainamide level had | 

. 0.20 second. Latency was defined as the interval between fallen to 24 ug/ml (Table I). Urinary output renmen to - 

. the pacemaker spike and the onset of the pacemaker-in- normal, and a marked diuresis followed. 4 

- duced QRS complex. On June 15 at 11:40 AM the QRS du- To maintain this improvement an additional 200 nBà rn 

Ss e ation had increased to 0.26 second with a pacemaker la- sodium lactate was intravenously administered (Table I). _ 
— tency of 0.18 second (Fig. 1B). The interval from the pace- Just before this infusion there was reversion to a supraven- . 
= maker spike to the end of the QRS complex was 0.44 sec- tricular rhythm slightly faster than the pacemaker rate. 
= ond. The serum procainamide level at this time was 36 ug/ The electrocardiogram obtained at this time (Fig. 3A) re- 





— ml (Table I). These changes were followed by episodes of vealed what appeared to be failure of the sensing function - 
-Wenckebach periodicity in the pacemaker-induced beats of the demand pacemaker. An electrocardiogram (Fig 3B) - 
(Fig. 2A). At this time the patient had cardiogenic shock recorded at the end of the infusion revealed persistence of — 



























with mental confusion, anuria and a blood pressure palpa- constant pacemaker inhibition and marked widening of the _ 
ble at 60 mm Hg. After intravenous infusion of sodium bi- QRS complex. An electrocardiogram obtained on June 16. ET 
carbonate the interval from the pacemaker spike to the end disclosed that the tracing had returned to its pretoxic ap- _ 
of the QRS complex shortened to 0.32 second and the pearance (Fig. 1C). The serum procainamide level was 0.3 d 
Wenckebach episodes were corrected (Fig. 2B). The pa- ug/ml on this date (Table I). oa 
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FIGURE 1. Electrocardiograms. A, June 9, 1973. Functioning 

_ pacemaker with QRS duration of 0.20 second and no pacer la- 

= tency. Patient receiving therapy indicated in text. B, June 15, 

_ 1973, 11:40 AM, during procainamide toxicity, when serum level 

was 36 ug/ml. Tracing displays pacer latency of 0.18 second, 

QRS duration of 0.26 second and pacemaker spike occurring be- 

fore full repolarization of preceding beats. C, June. 16, 1973, 

showing return to pretoxic pattern, no pacemaker latency and 
QRS duration of 0.20 second. Procainamide level is 0.3 ug/ml. 
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for repeated direct-current cardioversion and the 
poor prognosis in uncontrolled cases. The toxicity oc- 
curring in our patient was the result of such antiar- | 
rhythmic therapy and caused a rarely reported com- — 
plication of that toxicity, pacemaker failure.$ " 
Pacemaker function is dependent on the electro- ^. 
physiologic properties of threshold, conductivity and 
refractoriness. Myocardial threshold i is not static, but 
is s altered a a te. a f factors s such ag extracellu 
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. than the pacemaker rate. Beats n to 6: are pacemaker-induced; beats 5 and 6 demonstrate fusion. Beats 7, 8 and 9 exhibit failure ot. inhibitio 
. and beats 10 to 13 (absent spike) inhibit the pacemaker. The interval from the start of the QRS complex to the pacemaker spike in beat 9 i 
|. 0.14 second (see text). This pattern was repeated several times as control shifted back and forth between the intrinsic and implanted | p 
-ers. B, supraventricular rhythm demonstrated in Figure 3A when pacemaker was inhibited. it is probably sinus rhythm with marked intravon 








lar conduction delay. 

— polarity of the electrode, position, voltage, current ity was s evident from the increase in pacem 
.. and duration of impulse.? Since the pacemaker func- cy and the marked widening of the QRS com 
— tioned normally before and after the episode of toxic- (Fig. 1B). This decrease was caused by a shif 
-= ity, it is reasonable to assume that properties intrin- right of the membrane responsiveness cù 
-— . sic to the pacemaker that determine the effective- documented effect of procainamide. A 
mess of impulse formation did not change or cause resting membrane potential also occurs 

the pacemaker failure. A chest X-ray film revealed levels and would augment this effect.!? 

‘that the position of the electrode tip in the right ven- The greatly prolonged Q- T interval 

 tricle had not changed. The effects of sodium lactate (Fig. 1B) was secondary to the drug-ind 

.and sodium bicarbonate infusions on pacemaker in the ventricular refractory period 

-threshold have been measured and it does not appear shows that the pacemaker spike occu 

that they could account for normalization of pace- polarization was complete. The Went 


: fnaker oe on the basis of a threshold change nomenon shown in this figure was ca 


tion delay, augmented serially in 
until a beat was dropped. In Fig 
tion delay is expressed as the 
the QRS complex. after the fi 
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-the pacemaker stimulus falling earlier and earlier in 

the relative refractory period of preceding beats. This 
depolarization began from a progressively lower 
membrane potential, with associated decreased con- 
duction velocity, until a propagated response failed 
to occur. 

When a supraventricular tachycardia (probably 
sinus) developed in the patient, intraventricular con- 
duction was still slow, with a QRS complex duration 
of 0.20 second, while the presence of occasional pace- 
maker artifacts initially suggested failure of sensing 
function (Fig. 3A). The pacemaker's sensing capacity 
depends on depolarization of the myocardium at the 
site of the catheter tip. In a series of fusion beats in 
which the supraventricular focus was becoming dom- 

inant, the interval from the start of the QRS complex 
to the last uninhibited pacemaker spike was a mea- 
sure of the conduction time from the initial site of 
spontaneous ventricular depolarization to the site of 
_ the pacing electrode in the apex of the right ventricle 
(Fig. 3A, beat 9). This interval was prolonged to 0.14 
second because of the decreased conduction velocity 
and gave the appearance of failure of pacemaker in- 
‘hibition. Fifteen minutes later after intravenous infu- 
- sion of sodium lactate, the patient's intrinsic rhythm 
remained faster than 90/min and consistent pace- 
maker inhibition was evident, presumably because of 
the return of a more normal conduction velocity (Fig. 
3B). 
B Inspection of Table I reveals that the extracellular 
potassium concentration was increased when the 
toxic electrocardiographic changes were maximal. 
Hyperkalemia would increase the slowing of conduc- 
tion on the basis of a reduction in resting membrane 
potential, but the degree of conduction delay demon- 
-strated is disproportionately great compared with the 
relatively mild degree of hyperkalemia.!^ 


Reversal of procainamide toxicity by sodium 
bicarbonate or sodium lactate: The infusion of so- 
dium bicarbonate and sodium lactate reversed the 
abnormalities described. The patient responded with 
an increase in blood pressure from palpable at 60 mm 
Hg to palpable at 100/70 mm Hg within minutes. 
Acute narrowing of the QRS complex and a decrease 
in the Q- TT interval were also noted, well before any 
substantial decrease in procainamide level could be 
expected on the basis of renal excretion. The serum 
potassium level was essentially unchanged during 
this period (Table I). This response has been de- 
scribed previously.!6 

The mechanism of reversal of procainamide toxici- 
ty by sodium lactate or sodium bicarbonate has not 
been rigorously defined. However, it has been dem- 
onstrated that membrane hyperpolarization and al- 
kalosis can protect against procainamide toxici- 
ty1916-15 Both agents used to treat our patient would 
produce transient extracellular alkalosis, acutely 
shifting potassium intracellularly with a concomitant 
increase of the transmembrane potassium gradient 
and resting membrane potential. The administered 
sodium ions may also have played a role since extra- 
cellular hypernatremia would increase the sodium- 
dependent rate of rise of phase 0 of the action poten- 
tial. These acute changes in extracellular electrolvte 
composition would counteract the procainamide-in- 
duced slowing of conduction velocity. 

Moss and Goldstein® have described pacemaker 
malfunction induced by lidocaine and procainamide, 
which took the form of various degrees of exit block 
at the pacemaker site, similar in nature to the find- 
ings in our case. However, their patients had fixed 
rate units and the abnormalities of sensing function 
described in our report have not been previously 
noted to our knowledge. 
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Congestive heart failure developed in a patient 63 years after an initial 
bullet wound, sustained at age 12, and a subsequently acquired arte- 
riovenous fistula of the left thigh. This is the longest reported interval 
between formation of an acquired arteriovenous fistula and develop- 
ment of cardiac decompensation. Clinical improvement after surgical 
closure of the fistula was dramatic. Objective evidence of digi 
ment was documented with serial echocardiograms. 
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The onset of heart failure secondary to an acquired arteriovenous fis- — 


tula may not occur for many years after the original injury. This re- — 
port describes a patient who had severe congestive heart failure and . 
atrial fibrillation with rapid ventricular response 63 years after a self- 
inflicted gunshot wound to the left thigh. Although the patient had — 
close medical supervision during 18 months of progressive incapacity, | 
the correct diagnosis was net made because of inadequate physical — 
examinations and failure to elicit salient points in the history. After . 


corrective surgery the patient's condition improved dramatically. Ob- 


jective evidence of hemodynamic improvement was determined non- 


invasively with use of echocardiography. 


Case History 
A 76 year old Spanish-speaking Cuban man was admitted to the New York 
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Hospital because of progressive exertional dyspnea. At age 12 years he acci- . 
dently shot himself in the left thigh while cleaning a rifle and later noted a — 


buzzing sensation over this area. At age 22 he emigrated to New York City 


and quickly became a celebrity in his neighborhood because of the “choo- - 


choo train" in his leg. Exertional dyspnea first developed at age 75. He was 


admitted to the hospital with acute pulmonary edema and atrial fibrillation | 
with rapid ventricular rate. An electrocardiogram revealed left bundle branch . 


block. His condition improved slowly with conventional medical therapy, and 


his problem was assumed to result from arteriosclerotic heart disease. He was _ 
admitted a second time several months later for an epidermoid carcinoma of _ 
the larynx, which was successfully treated with radiation. During these two ` 


hospital admissions no comments about abnormalities of the left leg were re- 
corded. 

Throughout most of the succeeding year, the patient continued to have 
moderately severe heart failure and atrial fibrillation with rapid ventricular 
rate despite intensive medical therapy. He was readmitted for progressive 
symptoms. Physical examination revealed atrial fibrillation with a ventricu- 


lar rate of 160/min, blood pressure of 130/75 mm Hg and bounding carotid | 


pulses. There were bibasilar rales, head bobbing with each systole, jugular ve- 


nous distension and a positive hepatojugular reflux. The heart was enlarged — 
to the mid-clavicular line and there was a hyperdynamic apical impulse. A — 
soft apical systolic murmur radiated poorly. The left leg was larger and . 


warmer than the right and had prominent superficial varicosities. The left 


popliteal pulse was bounding and more vigorous than that on the right. A — 


continuous impulse could be felt over the medial aspect of the left thigh and 
was associated with a loud to and fro machinery murmur. Pressure in this 
area obliterated the murmur and resulted in a slowing of the heart rate by 


approximately 20 percent and a decrease in pulse pressure of 20 mm Hg. | 
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E ` ARTERIAL PHASE | 
IURE 1. Laft femoral arteriograms. A, early exposure showing visualization of artery.and early venous filing through the fistula. B, late expo- 
re oly venous. ie phase. 


| FIGURE 2. Echocardiograms. A, before opara- © 
| tion; B, 1 week after operation; C, 2 months- 
YN V NP NUM. after operation. (Tracings have been redrawn to 
| a common scale.) V.S. = interventricular sep- . 
tum; VENT. = ventricular. E 





duced from preoperative values by 37 percent 1 week after 
operation and by 69 percent 2 months after operation. 

Chest roentgenograms cbtained preoperatively and 3 
months postoperatively revealed that the initially enlarzed. 
cardiac silhouette was considerably smaller after surgical 
correction of the fistula (Fig. 3). 


Discussion 






It is said that Galen was the first to recognize the 
anatomic features of an arteriovenous fistula. In 1757 
Hunter? described the first clinical case and de- — 
scribed a pathologic specimen. In 1875 Nicoladoni? .. 
clinically recognized the presence of an arteriovenous 
fistula by manually oecluding the lesion and noting a 
marked reduction in heart rate. This effect was later 
observed and described by Branham* for whom the 

phvsical finding is named. In 1913 Stewart? suggest- 
e the physiologic consequences of an arteriovenou 
fistula. pat were. later c demonstrated experimen i: 


ith. a ‘bovine carotid eval graft. The atrial fibril- 
"as d beg dia. to normal sinus is 























IGURE 3. Chest roentgenograms, 
posteroanterior view. A, before oper- 
tion; B, 3 months after operation. 


Heart Rate 
(beats/min) Rhythm 





Preoperative 
| week postoperative 70 AF 
= 2 months postoperative 


1 SV = stroke volume. 


© fistula of the left thigh, but the diagnosis was not ini- 
tially recognized because of inadequate anamnestic 
_ data and a careless physical examination. The occur- 
_ rence of heart failure 63 years after traumatic periph- 
eral fistula formation is the longest recorded interval 
| between injury and the onset of symptomatic deteri- 
oration in cardiac performance.’ It is probable that 
=the volume load, although well tolerated for many 
= years, caused progressive myocardial insufficiency. 
. As the patient grew older, other primary cardiac 
ui. stresses, perhaps including coronary artery disease, 
nay have developed and resulted in symptoms. An 
alternative explanation, that the volume of the shunt 
progressively increasing, seems less likely. De- 
jite the patient's 76 years, he demonstrated remark- 
ble improvement after repair of the shunt. 

The use of echocardiography provided an objec- 
e measure of cardiac performance. Although ven- 
cular volumes calculated from minor axis measure- 
t in a well recorded echocardiogram have been 
vn to correlate well with volumes obtained by an- 
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Fatal thrombosis of a tricuspid ball valve prosthesis occurred 26 - 
months after an initially successful replacement of the mitral and tri- 
cuspid valves in a 55 year old woman. Anticoagulant therapy with so- _ 


dium warfarin had been stopped 2 weeks earlier because of an intra- 


cerebral hemorrhage. At postmortem examination a strut of the cage - 
of the prosthesis was found embedded in the wall of the right ventricle, - 
and there was an extensive formation of thrombus trapping the valve . 


poppet in mid-position. 


Several guidelines may help prevent this disastrous complication. LEN 
the tricuspid valve is replaced with a ball valve prosthesis, the prosthe- 


sis must be of proper size, easily fitting into the cavity of the right ven- 


tricle. Division of hypertrophied muscle bundles in the wall of the right d 
ventricle may be of value in changing both the contour and size of the — 
right ventricular cavity. Routine semiannual fluoroscopic examination 


would seem indicated to determine that the poppet of the prosthetic 
valve has a normal range of excursion. 


Soon after the introduction of prosthetic mitral ball valves in 1961, 
the danger of using a prosthesis that is too large for the cavity of the 
left ventricle was recognized. When the cage of the prosthesis was too 
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large, protrusion of muscle of the left ventricular wall between the — 


struts of the prosthetic cage restricted motion of the poppet, leading 
to thrombosis and death. This complication has been virtually elimi- 
nated by selection of a prosthesis that fits easily into the cavity of the 
left ventricle. 

Recently a puzzling delayed thrombosis of ball valves inserted in 
the tricuspid position has been reported.!-? Table I lists nine patients 
with this finding. In most instances the prosthetic valve was inserted 


easily, and no difficulties occurred in the first several weeks after op- — 


eration. However, at different periods, as long as 5 years in one pa- _ 


tient, thrombosis of the prosthesis occurred. Our report describes 
a patient who died from thrombosis of a tricuspid prosthesis 26 
months after an initially successful replacement of both the mitral 
and tricuspid valves. 


Case Report 


A 53 year old white woman was admitted to New York University Hospital 
on November 17, 1970 because of progressive dyspnea and ankle edema. She 


had rheumatic fever as a child, and a cardiac murmur was first recognized at — 


age 10 years. Additional episodes of rheumatic fever occurred at ages 17, 19 


and 21 years. Congestive heart failure gradually developed over a period of — 
years, and became so severe in the 2 years before admission that recently the : 


patient had been sleeping in a sitting position. 
Cardiac catheterization disclosed severe mitral insufficiency with moder- 


ately increased pulmonary arterial blood pressure (72/31, mean 43 mm Hg). — 


At operation, performed on November 22, 1970, severe mitral insufficiency 


was found, complicated by moderate tricuspid insufficiency with calcifica- - 
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tion. Both mitral and tricuspid valves were replaced by Starr-Edwards ball | 
















.FIGURE 1. Ventricular view of the tricuspid (top) and mitral (bot- 
tom) prostheses. The thrombi encasing the proximal half of the 
struts of the tricuspid prosthesis can be clearly seen, trapping the 
ball near the ciosed position. Thrombotic material is also present on 
the ventricular surface of the annulus of the tricuspid valve located 
tween the struts at point A. The struts on the mitral prosthesis are 
| free of any thrombotic material. 


valve prostheses. Each prosthesis was a cloth-covered valve 
(size no. 4, model 6310) with a steel poppet. After an un- 
eventful. postoperative course the patient was discharged 
-on December 17, 1970 receiving sodium warfarin anticoagu- 
‘lant therapy. Her subsequent course was satisfactory, and 
she resumed normal physical activities, still receiving digi- 


ulus of 1 





.. ever, most ef the thrombus was on the ventricular surface. ` 


view of the tricuspid prosthesis. The ball of the 
ized near the closed position. Thrombotic mate- 
annulus of the prosthetic ring can be seen in 
the prosthetic orifice. How. 





FIGURE 2. Ventricular view of tricuspid (left) and mitral (right) pros- 
theses. Thrombotic material is visible on the struts of the tricuspid 
prosthesis as well as the annulus (arrow). One of the struts (point B) 
is encased in well organizec muscie of the right ventricular wall, indi- 
cating that entrapment of the strut had occurred months before. 


talis and warfarin; prothrombin time was approximately 25 
seconds. However, she took warfarin in an erratic manner, 
and precise anticoagulation was not maintained; about 6 
months before the fatal illness she completely discontinued 
warfarin therapy for a short period. 

On January 1, 1973 headache with blurring of vision and 
dyspnea suddenly developed, and she was admitted to her 
local community hospital. On admission she had a mild 
fever (temperature 100° F}, some slurring of speech, a stiff 
neck and positive Babinski signs bilaterally. The spinal 
fluid contained numerous red blood cells; the opening pres- 
sure was 340 mm H0, closing pressure was 220. The pro- 
thrombin time was 41 seconds, with a control value of 12 
seconds. A diagnosis of cerebral hemorrhage secondary to 
sodium warfarin therapy was made. Warfarin was replaced 
with Aqua-Mephyton® and the prothrombin time returned 
to the normal range of 12 to 14 seconds. However, her tem- 
perature increased, rising to 103° F, and a left hemiplegia 
developed. Cerebral angiography disclosed a defect in the 
right frontal lobe. Steroid therapy, 3 mg of dexamethasone 
every 8 hours, was begun. Subsequently, there was slow but 
progressive improvement in her condition, and rehabilita- 
tion therapy for the left arm and leg was begun. Two weeks 
later she suddenly became dyspneic, with moderate shock 
(bleod pressure 90/60 mm Hg). The neck veins became 
markedly distended. Cardiac auscultation disclosed ab- 
sence of the normal opening and closing click of one of the 
prosthetic valves. Fluoroscopic examination revealed that 
the poppet of the tricuspid prosthesis was immobilized in 
the mid-position. While arrangements were being made for 
emergency transfer of the patient to New York University 
Hospital, ventricular tachycardia appeared, quickly pro- 
gressing to ventricular fibrillation. Cardiac resuscitation 
was not possible, and the patient died on January 15, 1973. 


At postmortem examination extensive thrombosis ofthe _ 


tricuspid ball valve was found (Fig. 1), and one of the struts 
of the cage of the prosthesis was completely encased in the 
muscle of the wall of the right ventricle (Fig. 2). Extensive 
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İnterval between original valve replacement and the first 
gns and symptoms of tricuspid valve obstruction. 
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thrombus over both the atrial and ventricular surfaces of 


the prosthesis completely immobilized the poppet in mid- 
"position, producing both stenosis and insufficiency. Some 
... thrombi were also present on the atrial surface of the mi- 
tral prosthesis, but there was no obstruction of the valve 
orifice. Numerous bilateral pulmonary emboli with multi- 
ple infarcts were present. An old intracerebral hematoma 
was present in the right frontal lobe of the brain. There 
< were no other significant abnormalities. 


2m Discussion 
ttiology of Thrombosis 


The late thrombosis of the prosthesis, 26 months 
'ter insertion, was undoubtably due to entrapment 
of the struts of the prosthesis in the wall of the right 
entricle and discontinuation of anticoagulant thera- 
py with sodium warfarin. The struts of the prosthetic 
valve had clearly been embedded in the right ventric- 
ilar muscle for some time, probably several months, 
but no clinically recognizable signs of thrombosis oc- 
red until anticoagulant therapy was stopped be- 
se of the intracerebral hemorrhage. The rapidity 
h which thrombosis occurred thereafter is impres- 























'his complication of thrombosis of the prosthetic 
' more than 2 years after operation is similar to 
eriences reported by others.'-? In all instances 
-was no early difficulty after operation to 
est that the prosthesis used was too large for the 
of the right ventricle, and thrombosis occurred 
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Disc vs. ball valve prosthesi 
ports of similar delayed thrombosi: 
es. Serious malfunction of disc p 
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sociated with erosion of the disc or 
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Diagnosis 


With the postmortem evidence that this cage of thi 
prosthesis had been embedded in the wall of the righ 
ventricle for a long time, it seems likely that flu 
roscopic examination of the tricuspid valve 
have shown restricted motion of the ball for se 
months before death. Routine fluoroseðpie 4 ex 


DODDef ipei the cardiac cycle soon after. ‘ope 
would facilitate early recognition of any st 
restriction of motion. Certainly if symptom 
cuspid valve dysfunction appear, such 
edema or increase in venous pressure, | 
should be promptly performed. Or if, on] 
amination, a change occurs in the norma 
ry findings, such as decrease or disappez 
normally audible click, immediate fluor 
dicated. i 








Treatment 


Once the diagnosis has been mad; et 
operation is imperative to replace the 
prosthesis. Years abo, one of us? rep 
d of a mitral valve Prost t 
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Prevention 


The best prosthesis for replacement of the tricus- 
pid valve is uncertain at this time; excellent results 


- have been obtained in most patients with a ball valve 


prosthesis. When this type of prosthesis is used, par- 
ticular care must be taken to select the appropriate 
size. Since thrombosis has occurred in valves that ini- 
tially functioned well, perhaps a valve should be cho- 
sen one size smaller than that normally selected for 
use in the mitral position. 

An additional precaution, whose value is yet un- 
proved, has been used in a few recent patients. Some 


- of the hypertrophied muscle bundles of the right ven- 


tricle, especially the septal band of the crista supra- 


-ventricularis, have been divided, thereby changing 


the contour of the cavity of the right ventricle and 


- providing more space for the cage of the ball valve 


1. Samaam HA, Murali R: Acute tricuspid valve obstruction fol- 
— lowing the use of tricuspid ball valve prosthesis. Thorax 25:334- 
338, 1970 


2. Bache RJ, From AHL, Castaneda AR, et al: Late thrombotic ob- 


struction of Starr-Edwards tricuspid valve prosthesis. Chest 61: 
613-616, 1972 
3. Van der Veer JB Jr, Rhyneer GS, Hodam RP: Obstruction of tri- 
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prosthesis. This procedure is similar to that routinely 
performed in operations for tetralogy of Fallot or pul- 
monary stenosis with severe ventricular hypertrophy. 

A second possibility is use of a low-profile disc 
prosthesis. However, disc prostheses are more prone 
to malfunction, so their long-term durability is un- 
certain. A third choice is use of a tissue valve, such as 
a homograft. Again, there is only limited long-term 
experience with such prostheses, and fascia lata re- 
placement of the tricuspid valve has not been satis- 
factory. 

After operation, permanent anticoagulant therapy 
with sodium warfarin is advisable, perhaps supple- 
mented with administration of acetylsalicylic acid or 
dipyridamole to inhibit platelet adhesiveness. As 
mentioned earlier, routine semiannual fluoroscopic 
examination would seem a wise additional precau- 
tion. 
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Educational Problems in Echocardiography — 1 


HARVEY FEIGENBAUM, MD, FACC 
Indianapolis, Indiana 


The current interest in echocardiography has created 
several educational problems. As this diagnostic ex- 
amination becomes increasingly accepted as a useful 
clinical tool, practicing cardiologists need to know 
more about the technique. They must know what the 
study can and cannot do so that they can order it ap- 
propriately. They should feel comfortable about ex- 
amining echocardiograms so that they can intelli- 
gently read articles that draw on this technique. 
Eventually they will probably want to examine the 
echocardiograms obtained from their own patients. 
This educational need can be met fairly easily. Since 
these cardiologists will not be performing the study 
and will not be primarily responsible for its interpre- 
tation, they probably can get sufficient information 
from postgraduate courses of the lecture type, review 
articles or textbooks. Ideally they should have some 
opportunity to examine a patient or two just to know 
how the examination is performed, but this type of 
experience is not essential. 

A second major educational problem is keeping 
echocardiographers up to date with the latest infor- 
mation in a rapidly advancing field. Most of the sig- 
nificant developments in echocardiography are pre- 
sented and discussed at the national cardiology meet- 
ings. Several postgraduate educational courses are 
being planned to help inform practicing echocardi- 
ographers of the current state of the art. Like all 
practicing physicians, echocardiographers must try to 
keep up with published data as best they can, but 
major echocardiographic papers may appear in sever- 
al different journals. The American Institute of Ul- 
trasound in Medicine has been compiling lists of as 
many articles as possible dealing with medical uses of 
ultrasound. Information is available from a few local 
organizations such as the Los Angeles Society for Ul- 
trasound in Cardiology. This organization meets reg- 
ularly, and the echocardiographers in the Los An- 
geles area have the opportunity to discuss mutual 
problems and interesting cases. Similar organizations 
may be developed in other parts of the country. 
Again, as in other areas of medicine, an increasing 
proportion of our educational effort in echocardi- 
ography probably will have to be used to update 
practicing echocardiographers. 


From the Hemodynamic Laboratory, Indiana University School of 
Medicine and Krannert Institute of Cardiology, Indianapolis, Ind. 
Address for reprints: Harvey Feigenbaum, MD, Hemodynamic 
Laboratory, Indiana University School of Medicine and Krannert Insti- 
tute of Cardiology, 1100 W. Michigan St., Indianapolis, Ind. 46202. 
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Training of physician- echocardiographers: 
Probably our biggest current educational problem in 
echocardiography i is the increased demand by physi- | 
cians who want this examination available for the 
management of their patients. Physicians and insti- - 
tutions have tried to meet this need in several ways. - 
Frequently an echocardiographic laboratory is start- - 
ed by an institution's purchase of an instrument. — 
Then one or more physicians teach themselves how 
to perform and interpret echocardiograms with the — 
aid of a few published articles. Or the instrument is” 
given to a technician who tries to duplicate some of 
the published echograms; frequently this same tech- 3 
nician is using the same ultrasonic equipment to ex- ' 
amine other parts of the body. Both approaches are fe 
usually disastrous and lead only to poor quality echo- — 
cardiography. 4 

Probably the best method of introducing echocar- y 
diography into an institution is to find a well trained j 
physician and place him in charge of starting the lab- — 1 
oratory. This physician should have been formally . 
trained in an active echocardiographic laboratory for | 2 
3 or more months as part of a fellowship program in - 3 
which his echocardiographic ability was verified by 
the echocardiographer in charge. He should then pur- 
chase the necessary echocardiographic equipment 
and will undoubtedly look for a technician who is - 
suitably versed in cardiac anatomy and physiology - 
and can be trained to perform echocardiography. 2) 

Unfortunately, there are very few centers that suf- 
ficiently train physicians in echocardiography to — 
meet the standards just stated. In addition, many ~ 
practicing cardiologists want to perform echocardi- 
ography. The question is, Has echocardiography ad- j 
vanced to the point that one must undergo lengthy 
formal training before establishing a laboratory? 
This question has been answered in other areas. For — 
example, a practicing cardiologist could not visit an — 
active cardiac catheterization laboratory for a few . 
days and learn the techniques sufficiently to start a 
laboratory on his own. Some workers in the field be- 
lieve that the complexity of echocardiography has 
also reached the point where one cannot learn the _ 
technique in a few days or even in 1 or 2 weeks. A. 

They hold that an echocardiographic laboratory 
must be established by a trained physician even 
though an institution might have to wait 1 or 2 years 
before it finds a suitable physician. 

This point of view has a great deal of merit; how- 
ever, I believe that physicians and institutions will 
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not wait this long, and the practicing physician who 
wants to perform echocardiography is probably going 
to do so whether or not training is available. He prob- 
ably will attend one or two postgraduate courses 
where echocardiography is discussed. He might get 
some superficial training from one of the commercial 
companies, and he will proceed to set up a laboratory. 
Realizing this fact, we have tried to help practicing 
physicians who want to use echocardiography. For 
several years we permitted physicians to visit our lab- 
oratory for 1 to 2 weeks at a time. Approximately 200 
physicians took advantage of this invitation. Some of 
the best echocardiographers in the country were 
among this group, but I also know of several partici- 
pants who are either not active in the field or, worse, 
are performing very poor quality echocardiography. 
This type of training is extremely time-consuming 
and disruptive to an echocardiographic laboratory. It 
is particularly disadvantageous to the cardiology fel- 
lows who are receiving more formal instruction in 
echocardiography. Since these fellows should be the 
best trained and are our primary responsibility, any 
program that jeopardizes their training is obviously 
not the best. As a result we have had to curtail se- 
verely the number of visitors permitted to receive in- 
dividual training in echocardiography. 

_ During the past year, with the cooperation of the 
American College of Cardiology, we have presented a 
series of echocardiographic workshops. Each work- 
shop lasts 3 1/2 days. There are 3 half-day sessions of 
lectures and 4 half-day sessions involving the exami- 
nation of patients and the interpretation of echocar- 
diograms. The program has been very popular, and 
most of the physicians who have taken the course 
have enjoyed it. However there is an obvious question 
as to how much training a physician can obtain in 3 
1/2 days. I can guarantee that none of the physicians 
who finish the course feel confident that they know 
all there is to know about echocardiography. We go to 
great pains to instill humility and caution in the use 
of the technique. We try to impress upon partici- 
pants that this course represents merely an initiation 
into the field, and that their expertise will come only 
with a great deal of practice at their home institu- 
tions. They are encouraged to examine patients who 
are undergoing cardiac catheterization or cardiac sur- 
gery in order to receive as much information on their 
diagnoses as possible. In this way they can build up 
their own confidence in their ability to use echocardi- 
ography to make proper diagnoses. Only time will tell 
whether or not these workshops have been of value in 
starting high quality echocardiographic laboratories. 
In any case, I look upon these programs as merely 
stop-gap measures to meet the demand temporarily. 
In the long run, the laboratories should be started 
and managed by physicians who have been more for- 
mally trained. 

Training of technicians: The next question is, 
How can a technician be trained? It is well known 
that technicians can perform the actual echocardi- 
ographic examination. In fact, they frequently obtain 
better quality echocardiograms than do physicians. 
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Furthermore, the fee schedule for echocardiography 
is based on performance of the examination by a 
technician. Thus, many physicians want to start a 
laboratory by merely having a technician trained to 
take the echocardiograms. This is not the proper ap- 
proach for many reasons. (1) A technician can func- 
tion only as an assistant to the physician in charge. In 
a proper physician-technician relation, the technician 
knows that he can turn to the physician with any 
problem, including a particularly difficult echocardi- 
ographic examination. In fact, the technician usually 
works best when he has been trained by the physician 
with whom he works. (2) It is difficult for a techni- 
cian to keep up with all the advances in echocardi- 
ography since he does not have access to the medical 
publications or the medical meetings. (3) A physician 
who is totally dependent on a technician could be in 
legal difficulty if an improper echogram led to an er- 
roneous diagnosis and mismanagement of a ‘patient. 
Thus, a physician who wants to manage an echocar- 
diographic laboratory must be trained in all aspects 
of echocardiography and, in particular, must know 
how to perform a good echocardiographic examina- 
tion. 

Once a physician is trained in echocardiography, 
either through a formal training course or after suffi- 
cient personal experience, then he can recruit and 
train a technician. As I have indicated, technicians 
usually learn the technique best if they already have 
some familiarity with cardiac anatomy or physiology. 
If they have a little training in electrocardiography 
and have some understanding of hemodynamics, they 
tend to learn the technique faster than others. The 
best technicians seem to come from cardiac catheter- 
ization or phonocardiographic laboratories. 

Today, the burden of training technicians is on the 
individual physician. I know of no good echocardi- 
ographic laboratory that has a training program for 
echocardiographic technicians. There are several pro- 
grams that attempt to train technicians to perform 
all diagnostic ultrasound examinations, but the car- 
diac aspects of these programs are usually quite 
weak. Moreover, I am not in favor of the concept of 
the general diagnostic ultrasound laboratory, and 
these technicians are being trained for such a pur- 
pose. There is undoubtedly a need for a more formal- 
ized training of technicians in echocardiography, and 
this need will have to be met in due course. 

If in our haste to start echocardiographic laborato- 
ries we let a lot of poorly trained or untrained people 
perform echocardiography, there is a good chance 
that the quality will drop to the point where the en- 
tire technique may be discredited. The popularity of 
echocardiography will persist only if the quality is 
maintained. As long as we continue to emphasize 
quality rather than quantity, there is no question 
that eventually there will be a sufficient number of. 
well trained echocardiographers. Then we can con- 
centrate on ways to keep these echocardiographers 
up to date and the referring clinicians well informed 
as to how echocardiography can help them manage 
their patients. 
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TREATMENT OF CHOICE FOR PAROXYSMAL 
SUPRAVENTRICULAR TACHYCARDIA 


The recent paper of Montoyo et al.! deserves some com- 
ments. Although it demonstrates an interesting technical 
application of atrial pacing, the therapeutic usefulness of 
this method should be viewed with extreme scepticism. 
The authors consider a prime area of therapeutic applica- 
tion the crises of paroxysmal supraventricular tachycardia, 
and found the described method successful in five of eight 
cases. However, no other treatment is mentioned as having 
previously been tried. 

In my experience the treatment of choice for paroxysmal 
supraventricular tachycardia is rapid intravenous adminis- 
tration of verapamil (Isoptin®), 10 mg. In the more than 20 
consecutive instances (five occasions in one case) in which 
it has been applied in my department during the last 2 
years, it restored sinus rhythm, without failure, within 2 
minutes. Some of these patients were previously digi- 
talized; no side effects have been observed so far. 

From the available experience, no other method surpass- 
es intravenous administration of verapamil for the treat- 
ment of paroxysmal supraventricular tachycardia in terms 
of the rate of success, speed of effect, lack of side effects 
and convenience to the patient. 


Nicholas M. Papazoglou, MD 
Cardiological Department 
Athens General Hospital of |.K.A. 
Athens, Greece 
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The efficacy of right atrial intracavitary pacing in convert- 
ing paroxysmal supraventricular tachycardias was demon- 
strated by Lister et al.! and Gulotta and Aronson? (as quot- 
ed). In our article, we introduced a less bloody and simpler 
technique for atrial pacing. 

Eight of our 22 patients treated by transesophageal atrial 
pacing were suffering from paroxysms of supraventricular 
tachycardia. In one (Case 1) atrial pacing was not achieved 
because a low stimulus strength was used. Thus, this case 
should not be classified as a failure of atrial pacing to con- 
vert paroxysmal supraventricular tachycardia because 
there was no atrial pacing. In another patient of this group, 
reversion to sinus rhythm was achieved four times but par- 
oxysmal supraventricular tachycardia recurred repeatedly. 
Perhaps this case should not have been classified a com- 
plete failure as was done in our paper. Transesophageal 
atrial stimulation failed to revert the tachycardia to sinus 
rhythm in only one of our seven patients who received a 
stimulus strength high enough to achieve atrial pacing. No 
treatment was tried before the atrial stimulation because 
our study was not a comparative one. 

We agree with Dr. Papazoglou that verapamil is a good 
drug for the treatment of paroxysmal supraventricular 
tachycardia. Schamroth et al.? described 20 cases of parox- 
ysmal supraventricular tachycardia successfully treated 
with verapamil, 10 mg, given intravenously over 15 to 30 


seconds. However, the results of our experience with vera- 


pamil have not been entirely successful but are similar to - 


those of De la Rosa et al.,* who reported reversion to sinus 
rhythm in 19 of 25 cases of paroxysmal supraventricular 
tachycardia treated with this agent. 


Julio V. Montoyo, MD 
Juan Angel, MD 
Vicente Valle, MD 
Carlos Gausi, MD 
Department of Medicine 


Ciudad Sanitaria de la Seguridad Social - 


Barcelona, Spain 
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CORONARY STEAL SYNDROME 


In the editorial by Segal et al.! the authors introduced a 
new complication, "steal syndrome" in coronary arteries. 
This phenomenon is not documented anywhere. Blood 


`a 
Ri, | 


flows from the aorta, where pressure is high, to the coro- 


nary arteries, where pressure is low. We believe it is physio- 
logically impossible to have flow from the coronary arteries 
into the graft toward the aorta, since that would mean flow 
against the high pressure system. 

In our experience of more than 1,000 cases of coronary 
arterial surgery and study of patent grafts in more than 120 
cases, we have not seen the “steal” phenomenon. We would 
appreciate it if the authors would bring to our attention a 
documented case of the “steal syndrome" in coronary arte- 
ries. 

Gopal Rao, MD 

Emir A. Zikria, MD 
William B. Ford, MD 
William H. Miller, MD 
Siroos R. Samadani, MD 
Shadyside Hospital 
Pittsburgh, Pennsylvania 
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We appreciate the opportunity to discuss the "coronary 
steal syndrome" observed in three of our patients with re- 


current angina pectoris after aortocoronary bypass surgery. - 


We agree with the stated views of Rao and his associates 
on coronary circulation. During visualization of the left cor- 
onary artery the saphenous vein may fill in retrograde fash- 
ion when the pressure of injection is greater than aortic 
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'essure. However, in two patients we made the following 
igiographic findings: Upon low pressure injection of radi- 
yaque material into the left coronary artery and with- 
‘awal of the catheter, there was significant retrograde 
yw in the large saphenous vein only during ventricular 
traction. Experimentally, coronary blood flow may 
ase or there may actually be retrograde coronary blood 
yw during systole owing to increased intramural pres- 
ires. We observed in these two patients that the blood 
ow was reversed in the shunt only during systole. The 
rge saphenous vein may act as a low-resistance reservoir 
iring this time, thus diverting blood from the native coro- 
iry circulation. It is conjectural whether this phenomenon 
a mechanism for angina pectoris because its effect on 
yocardial blood flow is unknown. 
In another patient with persistent angina pectoris after 
rpass surgery, the arteriogram revealed a moderate degree 
obstruction in the proximal portion of a graft to the left 
iterior descending coronary artery. During injection into 
ie left main coronary artery, radiopaque material was di- 
ted from the left anterior descending coronary artery 
ith resultant retrograde filling of the large saphenous 
xin. Presumably this occurred because the proximal ob- 
ruction caused a significant decrease in pressure in the 
stal portion of the graft and the resistance to flow was 
ien less to the graft than to the native coronary circula- 
on. The pressure in the aorta was of course greater than in 
ie saphenous vein and retrograde flow did not reach the 
rta. 
Theoretically, there may be a third mechanism in pa- 
ents with progressive distal atherosclerosis; blood flow 
ay be diverted away from the high-resistance coronary 
rculation into the low-resistance large saphenous vein 
iring all phases of the cardiac cycle. We have not ob- 
rved this phenomenon. 

Bernard L. Segal, MD, FACC 

William Likoff, MD, FACC 

Moosa Najmi, MD 

Joseph W. Linhart, MD, FACC 

The Hahnemann Medical College and Hospital 

Philadelphia, Pennsylvania 


UNSTABLE ANGINA PECTORIS VS. PREOCCLUSION 
SYNDROME 


| the recent article by Conti et al.! on unstable angina 
'ctoris, myocardial infarction developed in only 1 of 10 
itients considered to be in the preocclusion state. This 
iding is in contrast to the experience of many cardiolo- 
sts. | 

Many seasoned clinicians prefer the term “preocclusion 
ndrome" to “unstable angina" because of their experi- 
ice with a high percentage of patients whose condition 
ogresses to myocardial infarction. In our office 75 to 80 
rcent of patients with the diagnosis of preocclusion syn- 
ome later have myocardial infarction. This wide discrep- 
icy between our data and those of Conti et al. can be sim- 
y explained by the selection of patients. They list their 
iteria as one or more episodes of ischemic cardiac pain 
nsistent with unstable angina and also admission to a 
ronary care unit because of a suspected impending myo- 
rdial infarction. Apparently discrepancy arises on the 
sis of how strictly or loosely patients are classified by 
ese criteria. US 
Many patients have various degrees of exacerbation of 


their angina without the development of myocardial infarc- 
tion. The unwary or inexperienced physician could easily 
be erroneously diagnosing the so-called preocclusion syn- 
drome in many of these cases. By applying stricter criteria 
of what represents the preocclusion ischemic pain pattern 
one can obtain a higher percentage of patients with unsta- 
ble angina or preocclusion syndrome whose condition pro- 
gresses to infarction, and thereby demonstrate a distinct 
pattern of behavior of this disease. 

In our office the diagnosis of preocclusion syndrome re- 
quires a pain pattern with the following characteristics: (1) 
severity, as manifested by sweat, pallor and nausea; (2) 
poor relief by nitroglycerin; (3) intense radiation with new 
pathways of radiation; (4) pain without any of the usual 
provoking factors; (5) very poor relief with rest; (6) unduly 
prolonged pain; (7) distinct ischemic abnormalities of the 
electrocardiogram with or without pain (usually during 
pain), including the Prinzmetal variation. 


Asher Black, MD, FACC 
Syracuse, New York 
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I have the following comments in reply to the letter by Dr. 
Black. First, 2 of the 10 patients with unstable angina who 
were treated medically had major complications. One had a 
myocardial infarction and survived and another died from 
a myocardial infarction during hospitalization. 'l'his is a 20 
pereent complication rate. This experience is similar to 
that of Krauss et al. who reported the occurrence of six 
myocardial infarctions and one hospital death in a group of 
104 patients with acute coronary insufficiency admitted to 
their coronary care unit. 

Second, we prefer the term “unstable angina" to “preoc- 
clusion" or *preinfarction" because we believe that a given 
syndrome of ischemic cardiac pain and electrocardiograph- 
ic changes can be termed preinfarction or preocclusion only 
retrospectively. It is difficult to find a term on which there 
is universal agreement but we believe that the term prein- 
farction or preocclusion is undesirable because it implies a 
knowledge of the future that we do not have. Black reports 
that an average of 75 to 80 percent of patients with the di- 
agnosis of preocclusion syndrome later have myocardial in- 
farction. It is possible that these patients are not really in a 
preecclusion state but rather have early occlusion with re- 
sulting early myocardial infarction. I would be interested in 
knowing what Black calls the 20 to 25 percent of patients 
whose condition did not progress to myocardial infarction 
but who presented with a similar syndrome. 

Third, we readily admit that our patients are selected 
since many of them are referred to us from other coronary 
care units in the city. We do not know how frequently myo- 
cardial infarction ensues in similar patients in other insti- 
tutions. Our criteria for selection are not loose. All of our 
patients met the definition of unstable angina as described 
in our paper, and all but one patient had angina at rest. In 
addition, all patients had transient electrocardiographic 
abnormalities associated with episodes of chest pain. | 

Fourth, Black states that many patients have various de- 
grees of exacerbations of angina without the development 
of myocardial infarction. We agree wholeheartedly with 


this statement and do not use the term preocclusion syn- 
drome in referring to these patients. This is precisely the 
reason we use the term unstable angina. 

. Fifth, Black's criteria for the definition of preocclusion 
syndrome are not too unlike ours, in that many of our pa- 
tients manifested these responses, including the Prinzmet- 
al variation. 


C. Richard Conti, MD 

Department of Medicine 

The Johns Hopkins University School of Medicine 
Baltimore, Maryland 


SURGICAL MORTALITY IN CORONARY ARTERY 
DISEASE 


I wish to take exception to the poor surgical results re- 
ported by Conti et al.! in their article on medical and surgi- 
cal mortality in unstable angina pectoris. In Spokane, one 
group of cardiovascular surgeons have performed more 
than 1,000 vein graft operations on patients in the prein- 
farction state and in those with acute myocardial infarc- 
tion; the mortality rate has been 2.2 percent. Of these pa- 
tients, 40 had emergency vein graft operations for apparent 
acute myocardial infarction; there were only two deaths in 
this group (mortality rate 5 percent).? In one hospital, more 
than 2,000 coronary arterial visualizations have been per- 
formed, and all patients with stenosis of the left main stem 
coronary artery or severe stenosis of the proximal left ante- 
rior descending artery have been treated by emergency op- 
eration. All patients considered to be in the preinfarction 
state have also been treated by emergency operation. To 
my knowledge there has been only one death in the cathe- 
terization laboratory in this series, and there have been no 
operative deaths in patients considered to have unstable 
angina. 

I believe that the article by Conti et al. presents a some- 
what distorted view of vein graft surgery, particularly in 
unstable angina pectoris, and the two or three coronary ar- 
terial occlusions that occurred in the catheterization labo- 
ratory are in excess óf what should be expected with good 
angiographic techniques. 

I continue tó believe that the proved experience in vein 
graft surgery in coronary artery disease has shown signifi- 
cantly better results than presently accepted medical treat- 
ment. 


Francis J. Everhart, MD 
Spokane, Washington 
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First, it is often difficult to compare results of one institu- 
_ tion with those of another because of lack of precise clinical 
definitions, differences in coronary anatomy and ventricu- 
lar function as well as timing of surgery. 

Second, I do not believe that our report presents a dis- 


torted view. We were merely reporting factual observations — 


in our own institution. Our surgical experience is not unlike 
the experience of others in that most surgical results indi- 
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cate a higher mortality rate in patients with unstable angi- 
na than in patients with stable angina. At our institution 
the same surgeons performing the same saphenous vein by- 
pass procedure in patients with stable angina have a 3.5 
percent mortality rate. | 

Third, the complication rate in the catheterization labo- 
ratory is higher than we would like, but one must always 
remember when considering patients with unstable angina 
that a certain percentage will have a myocardial infarction 
or die. Only one patient died during catheterization; a sec- 
ond patient had an uncomplicated myocardial infarction 
and is now pain-free. The third patient had a myocardial 
infarction 1 1/2 hours after a totally uncomplicated cardiac 


catheterization, but we counted this as a catheterization 
laboratory complication. It is possible that all three compli- — 


cations were coincidental with cardiac catheterization rath- 
er than produced by cardiac catheterization. 


Fourth, there is some evidence to suggest that emergency — 


bypass surgery may not be necessary in patients with un- 
stable angina. It may be more prudent to delay surgery (as 
suggested in the paper) for a few weeks after the patient's 


admission to the hospital. In our own group of patients, the - 


mortality rate was highest in those operated upon less than 
48 hours after admission and those more than 60 years of 
age. 

C. Richard Conti, MD 

Department of Medicine 

The Johns Hopkins University School of Medicine 

Baltimore, Maryland 


ATRIAL CONTRIBUTION TO STROKE VOLUME 


The article by Bashour et al.! on systolic time intervals in 
patients with artificial pacemakers is an interesting and po- 
tentially valuable contribution. However, the use of overall 
mean values limits its usefulness. We have examined simi- 
lar patients by the same methods and could endorse the 
general validity of their results as a trend. However, be- 
cause of considerable scatter within measurements in indi- 
vidual patients and among different patients, the predic- 
tive value of aggregate mean values is problematic. Perhaps 
the authors can give the standard deviations and standard 
errors for their group and some idea of the beat to beat 
scatter (for similar P-R intervals) in individual patients. If 
mean values are to be meaningful, distributions should be 
provided. 

David H. Spodick, MD, FACC 

Department of Medicine 

Tufts University School of Medicine 

Boston, Massachusetts 
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We are pleased to note that our results were confirmed by 
Dr. Spodick using the same methods. The two points he 
raises are important and were of much concern to us when 
we tabulated our data with the help of a statistician. How- 
ever, we decided to resort to using overall mean values for 
the very reason of variations in individual patients. At a 
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given P-R interval, each patient had a different ejection 
time. Although these differences were marked on occasion, 
in all patients there was an almost identical relation with 
the P-R intervals, making the use of aggregate means of all 
patients a reliable index. 

We found no pertinent value for measuring beat to beat 
scatter for similar P-R intervals in the same patient since 
identical P-R intervals were hard to find within the 40 
beats analyzed and, even when found, the number would 
not have been large enough to permit any meaningful con- 
clusions. In the control group, where P-R intervals re- 
mained fixed, there were no measurable differences in sys- 
tolic time intervals. 

Tali Bashour, MD, FACC 

Tsung O. Cheng, MD, FACC 

Division of Cardiology 

The George Washington University Medical Center 
Washington, D. C. 


TREATMENT OF CARDIOMYOPATHIES 


Tt is evident from the excellent review, “Treatment of the 
cardiomyopathies,"' that the management of congestive 
heart failure in established cases of alcoholic cardiomyopa- 
thy is disappointing, cumbersome and not without poten- 
tial complications. Although the author states that “... we 
have not been impressed by improvement after withdrawal 
of alcohol over a period of many months," he nevertheless 
agrees that it should be withdrawn as part of the treatment 
regimen. Total withdrawal of alcohol has been strongly rec- 
ommended in this condition and it has been stressed that 
withdrawal in earlier stages would prevent further cardiac 
damage.” Many asymptomatic chronic alcoholics have im- 
paired cardiac function when compared with normal con- 
trol subjects, as documented by noninvasive methods? and 
cardiac catheterization studies.* It has been shown that im- 
. pairment of cardiac function tends to occur most frequent- 
ly in established cases of alcoholic cardiomyopathy. There- 
fore, it appears logical to conclude that chronic alcoholics 
should be screened carefully for evidence of underlying 
heart disease. Total abstinence would appear to be most re- 
warding in those subjects at risk for cardiomyopathy. 


Abdul Hakim Khan, MD 

Medical Services 

Veterans Administration Hospital 
Bedford, Massachusetts 
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PULMONARY HYPERTENSION IN MITRAL STENOSIS 


Walston et al.* in their hemodynamic studies of a large se- 
ries of patients with acquired valvular disease propose as 
the pathogenetic mechanism of pulmonary hypertension in 
mitral stenosis coexisting pulmonary thromboembolism or 
parenchymal lung disease, or both. However, their data, as 
well as our own,” suggest an alternative pathogenetic mech- 
anism. 


Their principal arguments are that 41 to 52 percent of - 
their patients with pulmonary hypertension and valvular 
disease had evidence of pulmonary embolism or severe lung 
disease. They also could not demonstrate a significant cor- 
relation between mean pulmonary arterial pressure and ar- 
terial oxygen saturation, thus ruling out anoxic vasocon- 
striction as a cause of pulmonary hypertension in valvular 
disease. 

We have evidence that arterial hypoxemia (SaO0» <95 
percent) correlates better with the pulmonary-left atrial 
pressure gradient (r = 0.79; P < 0.01) than with pulmonary 
arterial pressure. 

The hemodynamic data in their Table I, as well as our 
data, suggest statistically significant changes, in different 
variables, parallel to the development of pulmonary hyper- 
tension, namely, increases in left atrial pressure, mean dia- 
stolic valve gradient and arteriovenous oxygen difference 
and decreases in cardiac output and calculated valve area. 
These findings implicate both a mechanical burden in the 
generation of pulmonary hypertension and increased pul- 
monary pressure as a main factor leading to congestive fail- 
ure. 

We conclude?? that passive pulmonary hypertension 
leads to loss of compliance of alveolar capillary walls in 
chronically congested pulmonary segments and to uneven 
alveolar ventilation, which leads to hypoxemia (30 percent 
of all our cases and 47 percent of cases of pure mitral steno- 
sis), initiating vasoconstrictor mechanisms, perpetuating 
and augmenting (acting as a positive feedback) pulmonary 
hypertension. 

We believe that increased pulmonary pressure is statisti- 
cally associated with cardiac failure, which is a condition 
facilitating pulmonary thromboembolism. The high rate of 
pulmonary thromboembolism among patients with mitral 
stenosis is the consequence rather than the cause of the as- 
sociated finding of greater .pressure in the pulmonary ar- 
tery than in the left atrium. 

Nicholas Papazoglou, MD 
Eftychios Voridis, MD 
Department of Cardiology 
"Vas. Pavlos” Hospital 
Athens, Greece 
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Drs. Papazoglou and Voridis state that in their studies ar- 
terial hypoxemia (SaO» <95 percent) correlates better with 
the pulmonary-left atrial pressure gradient than with mean 
pulmonary arterial pressure. An examination of the data 
cited in support of this statement reveals a comparison be- 
tween arterial Oo saturation and mean pulmonary arterial- 
mean pulmonary wedge pressure gradient in patients with 
valvular heart disease." We found no significant correlation 
between arterial Oo saturation and mean pulmonary arteri- 
al pressure (r = 0.47) or mean pulmonary arterial-left atri- 
al pressure gradient (r — 0.13) in our patients with pure 
mitral stenosis (Fig. 1). The discrepancy in our findings 
may be due to the dissimilar patient populations; however, 
an important difference is their use of mean pulmonary 


746 November 1974 . The American Journal of CARDIOLOGY Volume 34 


ERO Pn adn oS 


MITRAL STENOSIS 


PA - LA (mmHg) 





Arterial O, Sat. 
FIGURE 1. 


wedge pressure rather than true left atrial pressure. We 
have shown in a previous report? that at greater than nor- 
mal pressures mean pulmonary wedge pressure is an in- 
valid predictor of mean left atrial pressure. 

Papazoglou and Voridis also suggest that passive pulmo- 
nary hypertension leads to loss of compliance of alveolar 
capillary walls, and to uneven alveolar ventilation and hyp- 
oxia. We believe that passive pulmonary hypertension is a 
result of these changes (decrease in compliance and gradual 
obliteration of the pulmonary vascular bed) in addition to 
the pulmonary venous hypertension. It is clear that marked 
pulmonary hypertension and cardiac failure may lead to 
pulmonary thromboembolism. The demonstration of the 
hemodynamic setting in which unrecognized pulmonary 
emboli and obstructive pulmonary disease are most com- 
mon may facilitate the diagnosis of these two diseases that 
commonly accompany mitral stenosis. The demonstration 
of a marked decrease in pulmonary arterial pressure after 
anticoagulant therapy for pulmonary thromboemboli that 
occurs in mitral stenosis further suggests that at least part 
of the pulmonary hypertension in these patients is due to 
the thromboembolization. 

Abe Walston, MD, FACC 

Robert H. Peter, MD, FACC 
James J. Morris, MD, FACC 
Yihong Kong, MD, FACC 

Victor S. Behar, MD 

Veterans Administration Hospital 
Durham, North Carolina 
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SPONTANEOUS CLOSURE OF SECUNDUM ATRIAL 
SEPTAL DEFECT 


The article by Dr. Mody! contains material of considerable 


importance. Unfortunately the data presented do not justi- . 


fy the conclusions drawn. To elucidate an important point 
in the natural history of atrial septal defects, it would be 
valuable to provide information concerning the clinical 
course before and after the first cardiac catheterization as 
an indication of the age at which physical signs of a left to 
right shunt and cardiac enlargement occurred, the unifor- 
mity of the indications for and timing of the cardiac cathe- 
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terization and, more importantly, the clinical evidence of 
diminishing left to right shunt and closure of the defect. 

We are told that the oldest patient in Group I was aged 
12 months and the youngest in Group II aged 13 months. 


One could assume that these two patients were similar and _ 


allocated to different groups simply on the basis of the date 
of catheterization. Furthermore, there is no indication of 
the age at which closure occurred. The minimal age at the 
second cardiac catheterization among patients in Group I 
was 2 years and the maximal age 12 years. Hence, closure 
could have occurred at any time in the interval and was not 
documented in any patient before 2 years of age. These 
data contradict the statement “our findings show that if 
spontaneous closure of secundum atrial septal defect oc- 
curs, it is most likely to take place during the first year of 
life as it did in 11 of the 20 patients in our Group I.” 

The material presented, physiologic data and arbitrarily 
defined time intervals, leaves one guessing concerning the 


characteristics of patients in whom spontaneous closure oc- 


curred and the predictors that might be helpful in ren- 
dering a favorable prognosis. The time of diagnosis and 
time of cardiac catheterization depend on too many vari- 


able factors to be helpful in assessing the true course of | 
events. The report stimulates speculation. The data for a 
precise assessment must be available to the author; it 
would be appreciated if he could share his knowledge with — 


his readers. 
Charlotte Ferencz, MD, FACC 
Department of Social and Preventive Medicine 
University of Maryland School of Medicine 
Baltimore, Maryland 
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1. Mody MR: Serial hemodynamic observations in secundum atrial septal defect with — 


special reference to spontaneous closure. Am J Cardiol 32:978-981, 1973 
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The questions raised by Dr. Ferencz are most interesting 
and I will try to answer them as best I can. Table I shows 
the ages at initial and repeat cardiac catheterization in the 
11 cases in which spontaneous closure of the atrial defect 
occurred. As demonstrated in the table the 11 patients 
were 6 months of age or less at initial study. Repeat study 


TABLE | 


Ages of 11 Patients with Spontaneous Closure of Atrial Septal 
Defect at Initial and Repeat Cardiac Catheterization 


Case Age at Age at 
no. Initial Study Repeat Study 
1 6 months 2 1/2 years 
2 5 weeks 3 years 
3 2 months 4 1/2 years 
4 6 months 4 years 
5 7 weeks 8 years 
6 2 weeks 2 1/2 years 
7 4 months 8 1/2 years 
8 6 months 4 years 
9 3 weeks 6 years 
10 3 1/2 months 10 years 
11 4 months 


6 1/2 years 
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| was performed in the same patients between the ages of 2 TABLE | 

-~ 1/2 and 10 years. I agree that spontaneous closure could | 

_ have occurred at any time in the interim period and this Man-Hours per Patient-Day* 

. was the reason we chose to have a control group of patients 

E over 1 year of age (Group II). Since spontaneous closure did Intensive care unit „ 15.1 
.. not occur in any of the patients in Group II we believed Coronary care unit 8.3 
-~ that it was reasonable to conclude that this phenomenon Medical-surgical floor 5.7 


i must occur in the first year of life. 


be The cut-off point of age 12 months for classifying pa- RN-Hours per Patient-Day 


.. tients into two groups was chosen because major hemody- Intensive care unit 10.1 
E namic changes occur in the first year of life. We could have Coronary care unit 4.7 
. . used age 6 months as a dividing point since none of the in- Medical-surgical floor 2.2 
_ fants over this age had spontaneous closure of the atrial CS ee eee i ott OED RH t 
f septal defect. ; , * Registered nurse, licensed vocational nurse, aide and 
~ The clinical course was no: discussed because these chil- secretarial personnel. 
_ dren were asymptomatic throughout the period of study RN = registered nurse. 
` and I believed that a presentation of the hemodynamic 
E data would be more objective and conclusive than the clini- 
— cal findings. 
Er Madhu R. Mody, MD facility (coronary care unit) that provides remote monitor- 
ae Division of Pediatric Cardiology ing and fewer nurses per patient. 
3 Henry Ford Hospital Such a cost-conscious approach to cardiac monitoring 
Detroit, Michigan was instituted in the Peninsula Hospital and Medical Cen- 


ter in Burlingame, California in June 1965. After 2 years it 

was found that 80 percent of the patient-days of monitor- 
COST VERSUS EFFECTIVENESS IN CORONARY CARE ing were provided in the lower-cost eight bed coronary care 
unit as opposed to 20 percent in the three bed intensive 
coronary care unit. Nearly 50 percent of the 336 patients 
treated for myocardial infarction were admitted directly to 
the coronary care unit without ever passing through the in- 
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- The considerable expense engendered in the use of coro- 
nary care units has led to recent proposals for rigid controls 
over the size and operation of coronary care units.! It seems 
- probable that some form of control of utilization of coro- 
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i nary care units will evolve from these proposals. Coronary tensive coronary care unit. The magnitude of the econo- 
"are units have a disproportionate share of Medicare-age mies achieved may be inferred by comparing the relative 
E patients, whose care is already subject to scrutiny relating staffing densities of the intensive coronary care unit, coro- 
to length of hospital stay and “appropriateness of the facil- nary care unit and an ordinary medical-surgical floor 
3 ity” to the severity and nature of the patient’s illness. It is (Table I).? Clinical effectiveness was measured against the 
By only a short jump in the same direction to question the in- stringent criteria set forth by Oliver et al.” and results have 
. dications for the use of specialized facilities such as inten- been published elsewhere.* The mortality rate from myo- 
- sive and coronary care units. Since in some hospitals the cardial infarction decreased from 26.6 to 15.2 percent. The 
f. surcharge for cardiac monitoring approaches or even ex- study is believed to be the first that concerns the relation 
E - ceeds the usual daily rate for a room, this questioning is all between cost and effectiveness in coronary care. À more 
.. the more likely toloccur. general discussion of the subject is also available? As fur- 
2 Whether or not controls are externally imposed in the ther data on the clinical usefulness of cardiac monitoring 
near future, I believe it is incumbent upon the medical are sought, the potential for achieving economies in unit 
E community to examine the relation between cost and effec- design and operation should not be neglected. An appropri- 
4 . tiveness of coronary care and to think in terms of the least ate present concern for costs may help establish credibility 
- complex and least expensive way to achieve comparable in future discussions of utilization of these units. 

— clinical results for outpatients. One need not wait for con- Philip R. Alper, MD 
trols to weigh costs against results in the delivery of coro- Millbrae, California 
| nary care. 
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BOOK REVIEWS 





PRACTICAL PEDIATRIC ELECTROCARDIOGRAPHY, by Ar- 
thur J. Moss, MD and George C. Emmanouilides, MD. Phila- 
delphia, JB Lippincott, 1973, 148 pages, $15.00 


This concise book on pediatric electrocardiography is writ- 
ten specifically for the noncardiologist (the generalist, in- 
ternist and pediatrician as well as medical students, house 
staff and nurses working in intensive care units). It is 
meant to be a practical how-to monograph, essentially an 
atlas that presents in abbreviated or tabular form an intro- 
duction to the pediatric electrocardiogram. Theory is mini- 
mized, the emphasis on pattern recognition and clinical 
correlation. The normal pediatric electrocardiogram at dif- 
ferent ages, patterns of chamber enlargement, the common 
arrhythmias and conduction defects are well presented. 
There is an informative section on the electrocardiogram in 
the neonatal period, and a very good collection of tracings 
that illustrate all the common and many uncommon con- 
genital defects of the heart. The tracings, reproduced in 
their natural size, are handsome, clear and easy to read. 

At times the authors tend to oversimplication. For exam- 
ple, three tracings are presented to illustrate complete 
transposition of the great vessels (one each showing right 
ventricular hypertrophy, left ventricular hypertrophy and 
cardiovascular hypertrophy), but they are insufficiently an- 
notated, and fail to suggest simple possible clinical correla- 
tions between the individual tracings and such factors as 
the size of an associated septal defect or the prevailing de- 
gree of pulmonary hypertension. There is an occasional un- 
happy choice of a prototypic record (junctional [nodal] 
rhythm with a P-R interval of 0.14 second, wandering 
pacemaker that fails to illustrate the “wandering,” offering 
instead a tracing demonstrating normal sinus rhythm fol- 
lowed by atrioventricular dissociation). Despite such minor 
criticisms, this book serves as a good introduction td the 
pediatric electrocardiogram. 

Perloff recently commented on the undesirability of a 
strict separation between pediatric and adult cardiology 
(Perloff JK: Medical and pediatric cardiology. A contempo- 
rary overview. Am J Cardiol 31:670-672, 1973). He pointed 
out that the domains of these two disciplines often overlap, 
as in the realm of congenital heart disease, and he appealed 
for an increase in interdisciplinary training. His comments, 
although directed to cardiologists, are also valid for inter- 
nists, generalists and physicians still in house staff training 
programs. This volume is commendable and timely in light 
of Perloffs pertinent criticism of an unfortunate schism 
within the corps de cardiologie. 


Robert D. Seely, MD 
New York, N.Y. 


MYOCARDIAL DISEASES, by Noble O. Fowler, MD. New 
York, Grune & Stratton, 1973, 379 pages, $18.50 


Progress over the last 10 years in the field of myocardial 
disorders has been “patchy.” The belief that these entities 
represent rare causes of heart failure, arrhythmia, cardio- 
megaly and sudden death has largely been dispelled, and 
we have come full circle to the point where *myocardi- 
opathy" has become a positive diagnosis rather than one of 


* exclusion. Thanks to the persistence of observers like Mat- 


tingly, Harvey, Fowler and others, some semblance of order 
has been brought to this field. 

This volume serves as a compendium of present knowl- 
edge of a subject that still awaits its denouement. Particu- 
larly rewarding are the chapters relative to pathologic find- 
ings, hereditable and familial aspects, immunologic studies, 
the role of viruses and the association with heredofamilial 
neuromyopathies. Sections on clinical findings, graphics, 
hemodynamic and metabolic observations take us from the 
bedside to the laboratory in the attempt to evaluate pa- 
tients with myocardial disorders. 

Perhaps fewer classifications (there are at least six sepa- 
rate tables subdividing these disorders) would allow more 


attention to the difficulties at hand. The disappointing re- - 
sults of myocardial biopsy and the lack of a definite thera- 


peutic approach to these myocardial disorders (eloquent 
testimony is the brevity of the chapter on treatment) are 
areas that call for further investigation. 

The lines are drawn well here. We are brought abreast of 
what has happened in the last decade in a critical theater. 


What has been accomplished only reemphasizes the need 


for persistence against an adversary that will not be easily 
conquered. 


Arthur C. Weisenseel, MD, FACC 
New York, New York 


ADVANCES IN CARDIOVASCULAR SURGERY, edited by 
John W. Kirklin. New York and London, Grune & Stratton, 
1973, 279 pages, $15.75 


Reverend Sydney Smith, the brilliant English writer and 
cleric, once quipped, “I never read a book before reviewing 
it; it prejudices a man so.” I find myself in full agreement 
with the Reverend Smith. One might expect that a book 
edited and written by Kirklin with 22 other carefully se- 
lected contributors would provide a fund of well coordinat- 
ed and useful information. The reader will not be disap- 
pointed. 
The book is divided into three sections on selected topics 
in congenital, valvular or ischemic heart disease. Approxi- 
mately half of the volume is devoted to problems of current 
interest in congenital heart disease. This section opens with 
a brief introductory chapter concerned with defining ana- 
tomic relations and presenting a surgical classification of 
congenital heart disease that is intended to offer a logical 
means of analyzing the morphologic features of cardiac de- 
fects. The classification is based upon the useful concepts 
of (1) concordance or discordance of atria and ventricles, 
and (2) the relation between the ventricles and great arte- 
ries. The introductory chapter is followed by four informa- 
tive chapters covering the late results of corrective surgery 
for both ventricular septal defect and tetralogy of Fallot 
and the late results of palliative measures employed in 
management of transposition of the great arteries (atrial 
septostomy) and tricuspid atresia (cavo-pulmonary shunt 
operation). The surgical management of selected complex 


congenital cardiac malformations is authoritatively pre- . 


sented in three beautifully written and illustrated chapters 
covering repair of the complete form of atrioventricular 
canal, double outlet right and left ventricle, and transposi- 


` 


E 


tion of the great arteries with ventricular septal defect and 
pulmonary stenosis. The current interest in management of 
congenital cardiac defects in infancy with primary defini- 
tive intracardiac repair is nicely surveyed in a five chapter 
. subsection that begins with a discussion of intraoperative 
support techniques and continues with chapters on meth- 
ods and results of operation conducted during infancy for 
transposition of the great arteries, total anomalous pulmo- 
nary venous connection, ventricular septal defect and te- 
tralogy of Fallot. 

Progress and problems in the surgical management of 
valvular heart disease are considered in four well written 
chapters. An enthusiastic endorsement of the concepts and 
advantages of totally cloth-covered (ultra-thin fabric) valve 
prostheses is followed by a thoughtful physiologically based 
discussion of the nature of myocardial injury encountered 
during and after cardiopulmonary bypass; methods of min- 
- imizing such damage are reviewed on the basis of available 
information. Two superb chapters follow in which factors 
affecting early and late mortality and the quality of late re- 
- sults after mitral and aortic valve replacement are consid- 
ered. Particularly valuable are discussions of the nature 
and influence of myocardial dysfunction associated with 
- left heart valvular disease on the results of prosthetic valve 
replacement, and the effects of valve replacement on myo- 
cardial function. 

Succinct reviews of the present status of the surgical 
management of ischemic heart disease are presented and 
cover current indications for surgery in stable and crescen- 
do angina, operative management of acute myocardial in- 
farction with shock and, finally, the surgical treatment of 
the complications of ischemic heart disease. A clear at- 
tempt has been made to delineate areas of current contro- 
versy. | 
| Although the volume is by many authors, it has been 

skillfully edited so that there is minimal duplication and a 
_ high degree of cohesiveness. The chapter references are not 
- exhaustive but carefully selected. Both angiographic repro- 
— duction and the quality of illustrations are excellent. The 
book is a worthwhile and successful effort to present con- 
temporary concepts, methods, results and unsolved prob- 
lems in the surgical management of a selected group of car- 
diac lesions. It will be extremely useful to all serious stu- 
dents of cardiac disease. 

Robert S. Litwak, MD, FACC 
New York, New York 


VALVULAR HEART DISEASE. CARDIOVASCULAR CLIN- 
ICS, volume 5, number 2. Guest editor, William Likoff; edi- 
tor, Albert N. Brest. Philadelphia, FA Davis, 1973, 454 
pages, $15 

This recent issue in the series Cardiovascular Clinics pre- 
sents a panorama of the current understanding of the etiol- 


ogy, diagnosis and therapy of valvular heart disease. Sever- 
al chapters discuss clinical problems commonly encoun- 
tered in the care of patients with valvular dysfunction, such 
as atrial arrhythmias, infection, embolization, malfunction 
of prosthetic valves and coexistent occult or manifest coro- 
nary artery disease. The application of noninvasive tech- 
niques, such as electrocardiography and echocardiography, 
in the evaluation of these patients is clearly delineated. 
These discussions provide up-to-date information on the 
correlation of the data supplied by these methods with sub- 
sequent hemodynamic and anatomic findings. 

The fundamental importance of careful history-taking 
and physical examination is highlighted in chapters dealing 
with the differential features of aortic stenosis of various 
causes and the work-up of patients with ostensibly “silent” 
valvular disease. This latter chapter by W. Proctor Harvey 
contains many clinical diagnostic pearls. A chapter entitled 
“Departures from the Expected Auscultatory Events in . 
Mitral Stenosis” shows not only how combined use of 
cineangiocardiography and echocardiography has increased 
knowledge of the functional anatomy of the mitral valve 
apparatus but also how the clinician can apply this knowl- 
edge to increase the astuteness of his clinical observations. 

The modern concept of the “mitral complex” is outlined, 
together with various causes of dysfunction of its compo- 
nent parts. An interesting chapter on the “myocardial fac- 
tor" in valvular heart disease challenges several previously 
held concepts regarding the pathogenesis of myocardial 
failure in patients with abnormal valves. The principles of 
exercise stress testing and its use as an objective measure of 
the functional capacity of patients with heart disease are 
presented, and the microbiology of rheumatic fever is brief- 
ly reviewed. A cursory review of the present status of valvu- 
lar surgery concentrates on descriptions of various types of 
prosthetic valves and laeks discussion of the difficult prob- 
lem of the management of postoperative patients. 

The text is complemented by excellent illustrations, 
which are pertinent and informative. The chapters are 
clearly and succinctly written and printed in easily read 
type. However, many presentations at times sacrifice perti- 
nent detail for the sake of brevity, although the excellent, 
up-to-date bibliographies provided at the end of each chap- 
ter can be utilized to fili in the obvious gaps and are a valu- 
able feature. A notable exception to this format is the chap- 
ter concerning thrombcembolic complications of rheumatic 
heart disease by William S. Abernathy and Park W. Willis, 
III. which provides a detailed survey of this problem and an 
excellent review of the literature. Special mention is due 
Roberts et al. for their interesting chapter on nonrheumatic 
valvular disease, which presents the salient clinical and an- 
atomic features of a vast array of causes of valvular dys- 
function with extensive necropsy correlations. 

This volume would be a useful addition to the library of 
anyone interested in clinical valvular heart disease. 

Larry S. Cohen, MD 
New York, New York 
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Have you ever thought about how the 
same word may be used in both medi- 
cine and athletics but have entirely dif- 
ferent meanings? Consider the word 
"aggressive." You frequently hear 
about the "aggressive management of 
the patient with an acute myocardial in- 
farction." The same word is used in 
football lingo: "He is an aggressive 
tackle." | like to think that Webster's 
definition is more applicable to football 
than it is to the management of an 
acute myocardial infarction: Webster 
implies that aggression is "action with 
hostility." But sometimes when | see the 
“assault” on the patient with cardiogen- 
ic shock for the purpose of balloon 
pumping, | can't help but believe that 
the aggressive management of the pa- 
tient would be defined by Webster in the 
context of the football lingo. 

Similarly the word “practice” is used 
in both medicine and athletics: “We are 
engaged in the practice of medicine"; 
the quarterback looked sharp in prac- 
tice." At first glance one might say that 
the meaning of the word is the same in 
both medicine and football. The quarter- 
back works today and tomorrow and 
the next day for Saturday's game. On 
Friday night he goes through the game 
plan; on Monday he reviews the films of 
Saturday's game to learn his mistakes. 
Does the doctor practice medicine so 
diligently? | think most of us would 


agree that we don't. But should we not 
work today, study today so that we will 
take better care of our patients tomor- 
row? 

To do this the physician must con- 
tinue to study and learn. He must exam- 
ine his "moves"; he must analyze why 
the patient died. He must be self-critical; 
he must recognize that he can do 
wrong, that he can cause iatrogenic dis- 
ease. He must realize that the public 
does not always put him on a pedestal. 

The conscientious physician must 
discipline himself and develop a person- 
alized continuing education program. 
More important, he must analyze what 
he learns, what he thinks he knows. He 
must assess his knowledge. 

The American College of Cardiology, 
in conjunction with the American Heart 
Association, has developed a Self As- 
sessment and Education Program. Dr. 
Charles Fisch, the President-Elect of the 
College, and Dr. Phil R. Manning, were 
co-chairmen of a rather large commit- 
tee of cardiologists who developed the 
program. They describe it as “a chance 
to measure (one's) clinical skill" ... a 
stimulating exercise ... a refreshing 
challenge . . . and great fun. The beauty 
of it is that you test yourself at your 
convenience in complete privacy and 
the results are confidential. 

You not only learn your strengths and 
weak spots but you can compare your 





performance with that of your peers. 

After taking the test, you will receive 
a confidential personal performance 
summary together with answer keys. In 
addition you will receive brief discussion 
of each problem to help you with further 
study. You had to apply for the exam 
before November 1, 1974; You must re- 
turn the completed exam before De- 
cember 1, 1974. You will get your confi- 
dential report by January 15, 1975. 

The cost was reasonable. For house 
staff the cost was $25.00; for physi- 
cians who have completed their training 
the cost was $60.00. 

How many of you applied for this 
privilege? If you missed this chance, 
there will be another opportunity. Watch 
for the next announcement. 

Another way to improve practice is 
to attend the 24th Annual Scientific 
Session of the College in Houston, 
Texas, February 10-13, 1975. Have 
you sent in your registration? We will 
have a special marking on the name 
tags at the Annual Meeting to recognize 
those who have taken the Self Assess- 
ment Examination. Will you have a 
badge for the Meeting? Will it be a 
marked badge? 


Henry D. Mcintosh, MD, FACC 
President 
American College of Cardiology 


Calendar of Continuing Medical Education Programs 


The National Committee for Continuing 
Medical Education, William Likoff, MD, 
FACC, Chairman, announces the following 
calendar of programs. 


Each program is designed to enlarge 
knowledge and clarify the endlessly chang- 
ing frontiers which mark scientific achieve- 
ments in the recognition and treatment of 
cardiovascular disease. Although the discip- 
lined objective of each program as well as 


its content, format and faculty are primarily 
determined by the Program Director, the Na- 
tional Committee for Continuing Medical Ed- 
ucation always exercises the prerogative of 
final review and approval, whether the pro- 
gram is sponsored solely by the College or 
in collaboration with universities, colleges, 
hospitals and various other professional so- 
cieties. 

Subject matter reflects national interest 
and needs in the fields of patient care, re- 


search and teaching. The program struc- 
tures vary in method of education. 

The National Committee for Continuing 
Medical Education in the College earnestly 
solicits the interest of member and non- 
member physicians alike in continuing edu- 
cation for the clear reason that participation 
provides a unique opportunity to deepen 
one's understanding of heart disease, the 
most formidable and challenging health 
problem of our time. 


Programs and faculty are subject to change. For further information write Mary Anne Mcinerny, Director, Department of Continuing Education 
Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 





1974 

To be Preceptorships in Cardiology. 

arranged Arthur Selzer, FACC, director. 

individually Pacific Medical Center, San 
Francisco, Calif. 

To be Cardiology and the Problem 

arranged Oriented System: A Precep- 

individually —tórship in the Practical Use of 
the System. J. Willis Hurst, 
FACC, director. Emory Univer- 
sity School of Medicine, Atlan- 
ta, Ga. 

NOV. Cardiology for the Consultant: 

4-13 A Clinician’s Retreat. E. Grey 
Dimond, FACC, director. Ran- 
cho Santa Fe inn, Rancho 
Santa Fe, Calif. 

NOV. Recent Advances and Cur- 

7-9 rent Concepts in Coronary 
Artery Disease. Edmund H. 
Sonnenblick, FACC and Rich- 
ard Gorlin, FACC, directors. 
Sheraton Boston Hotel, 
Prudential Center, Boston, 
Mass. 

DEC. Advances in Heart Disease 

5-7 1975. Dean T. Mason, FACC, 


director. Fairment Hotel, San 
Francisco, Calif. 


DEC. Core Curriculum: Clinico- 

5-8 Pathologic Correlations in 
Cardiovascular Disease. Wil- 
liam C. Roberts, FACC, direc- 
tor. Williamsburg Conference 
Center, Williamsburg, Va. 


DEC. Colloquia in Cardiology — 

11 Number 7: Echocardiography. 
Robert W. Oblath, FACC, Ron- 
ald Danzig, FACC and Sam H. 
Stone, FACC, directors. Am- 
bassador Hotel, Los Angeles, 
Calif. 


DEC. The Eliot Corday Symposium: 

13-15 Cardiovascular Problems: Per- 
spectives and Progress. Henry 
Il. Russek, FACC, director. New 
York Hilton Hctel, New York, 
N.Y. 


1975 


JAN. Cardiologic Debates. John H. 

12-14 Vogel, FACC, director and Bruce 
C. Paton, FACC and James S. 
Forrester, co-directors. Opticon 
Theater, | Snowmass-at-Aspen, 
Aspen, Colo. 


FEB. Twenty-Fourth Annual Scientific 

10-13 Session. Henry D.  Mclntosh, 
FACC, director. Albert Thomas 
Convention and Exhibit Complex, 
Houston, Texas. 
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MAR. Cardiovascular Disease— 
6-8 1975: Practical Diagnosis 
and Management. John Ross, 
Jr. FACC, Robert A. 


O'Rourke, FACC and Richard 
A. Carleton, FACC, direc- 
tors. Sheraton Harbor Island 
Hotel. San Diego, Calif. 


MAR. Core Curriculum: Cardiovas- 

13-14 cular Physiology: Clinical 
Utilization of Invasive and 
Non-Invasive Measurements. 
James S. Forrester, director 
and H. J. C. Swan, FACC, 
co-director. Cedars of Leba- 
non Hospital, Los Angeles, 
Calit. 


MAR. Core Curriculum: Pediatric 

17-20 Echocardiography. Richard 
A. Meyer, director and Sam- 
uel Kaplan, FACC, co-direc- 
tor. The Children's Hospital, 
Children's Hospital Medical 
Center, Cincinnati, Ohio. 


Inter- 
pretation of Arrhythmias: A 
Physiological Approach. 
Charles Fisch, FACC, di- 
rector. Indiana University 
Medical Center, Indianapolis, 
Ind. 


MAR. Electrocardiographic 
24-26 


CANDIDATES CERTIFIED 


COLLEGE NEWS 


Candidates Certified by the Subspecialty Board on Cardiovascular Disease 
American Board of Internal Medicine 


January through June 


Neil S. Agruss, MD 
Cincinnati, Ohio 


Massoud S. Alipour, MD 
Chicago, Ill. 


Larry E. Alves, MD 
St. Louis, Mo. 


Daniel T. Anbe, MD 
Southfield, Mich. 


Frederick L. Anderson, MD 
Salt Lake City, Utah 


Warren T. Anderson, MD 
Rockville, Md. 


Vadakepat Aravindakshan, 
MD 
Lexington, Ky. 


Mohammad Arif, MD 
Cumberland, R. |. 


Michael D. Avington, MD 
Parkersburg, W. Va. 


Lawrence D. Baker, MD 
Reading, Mass. 


William H. Barnwell, Il, MD 
Charleston, S. C. 


William H. Barry, MD 
Menlo Park, Calif. 


Ramachandra Bavikatty, MD 
Akron, Ohio 


George D. Beiser, MD 
Olympia Fields, Ill. 


Stephen M. Berger, MD 
Columbus, Ohio 


Jerome B. Blumenthal, MD 
Marietta, Ga. 


Donald J. Brock, MD 
Madison, N. J. 


Hans van den Broek, MD 
Green Brook, N. J. 


Jeff Z. Brooker, MD 
Houston, Texas 


Donald D. Brown, MD 
lowa City, lowa 


James F. Brymer, MD 
Shawnee Mission, Kans. 


Warren B. Campbell, MD 
Nashville, Tenn. 


Nathan H. Carliner, MD 
Tucker, Ga. 


Cheen Been Chough, MD 
Monroeville, Pa. 


Michael V. Cohen, MD 
Bronx, N. Y. 


Murray D. Corbin, MD 
Shawnee Mission, Kans. 


Daniel T. Danahy, MD 
San Leandro, Calif. 


Pablo Denes, MD 
Chicago, Ill. 


Ramesh C. Dhingra, MD 
West Chester, Ill. 


Quinton H. Dickerson, Jr., MD 
Jackson, Miss. 


Philip J. Doherty, MD 
Milton, Mass. 


Gary R. Donshik, MD 
Jacksonville, Fla. 


Frank T. Drake, MD 
Sarasota, Fla. 


James B. Earnest, MD 
Kansas City, Mo. 


Leslie M. Eber, MD 
Los Angeles, Calif. 


James F. Flint, MD 
Middlebury, Conn. 


James R. Foster, MD 
Staten Island, N. Y. 


John E. Frazier, Il, MD 
Atlanta, Ga. 


Sigmund W. Friedland, MD 
Houston, Texas | 


Howard S. Friedman, MD 
New York, N. Y. 


William H. Gaasch, MD 
Houston, Texas 


James R. Galyear, Ill, MD 
Jackson, Miss. 


Gary J. Garfield, MD 
Forest Hills, N. Y. 


Edmund C. Gaulden, MD 
Tustin, Calif. 


Constantine S. Georas, MD 
Providence, R. I. 


Michael S. Golden, MD 
Tacoma, Wash. 


John D. Graber, MD 
Denver, Colo. 


Jeffrey R. Granett, MD 
Escondido, Calif. 


Henry Greenberg, MD 
Hastings-On-Hudson, N. Y. 


Louis E. Grenzer, MD 
Baltimore, Md. 


Lawrence S. C. Griffith, MD 
Timonium, Md. 


William Grossman, MD 
Chapel Hill, N. C. 


Philip A. Habak, MD 
lowa City, lowa 


Jerome Hantman, MD 
Columbia, Md. 


Neil J. Hart, MD 
Camp Lejeune, N. C. 


Alfred A. Heckman, Jr., MD 
San Antonio, Texas 


Barton L. Heller, MD 
Randolph, Mass. 


Frederick A. Heupler, Jr., MD 
West Shaker Hgts., Ohio 


Tom R. Hornsten, MD 
Mercer Island, Wash. 


Michael R. Hunsaker, MD 
Ada, Okla. 


Larry E. Hurwitz, MD 
Pittsburgh, Pa. 


Kenneth H. Hyatt, MD 
Novato, Calif. 


Liberato A. lannone, MD 
Danville, Pa. 


Dale M. Isaeff, MD 
Madison, Tenn. 


Sayre K. Jacobson, MD 
South Orange, N. J. 


Steven K. Kaufman, MD 
Augusta, Ga. 


Harris M. Kenner, MD 
Bethesda, Md. 


Kenneth L. Kershbaum, MD - 
Jenkintown, Pa. 


Andrew P. Klaus, MD 
Marion, Ohio 


Ludwig Klein, MD 
New York, N. Y. 


Thomas Quin Kong, MD 
Ventura, Calif. 


Kenneth R. Krauss, MD 
New York, N. Y. 


Alan E. Kravitz, MD 
Atlanta, Ga. 


Robert C. Leinbach, MD 
Brookline, Mass. 


Michael Lesch, MD 
Boston, Mass. 
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Anthony T. Licciardello, MD 
Trumbull, Conn. 


_ Philip R. Liebson, MD 


-. Chicago, III. 


John W. Lister, MD 
Miami Beach, Fla. 


George |. Litman, MD 
Akron, Ohio 


William E. Lynch, Jr., MD 
Springfield, Ill. 


Ronald P. Mahoney, MD 


Houston, Texas 


.. Stephen M. Mallon, MD 
—A Miami Lakes, Fla. 


Henry B. Marsh, MD 
Chevy Chase, Md. 


Robert G. Martin, MD 
Columbia, Md. 


Robert F. Marvin, MD 
Princeton, N. J. 


George K. Massing, MD 
Birmingham, Ala. 


Robert G. Matthews, MD 
Annandale, Va. 


Hugh B. McCormick, MD 
Rockville, Md. 


David B. McCraw, MD 
Atlanta, Ga. 


Donald R. McRaven, MD 
Morton, lll. 


Steven G. Meister, MD 
Philadelphia, Pa. 


Clyde C. Metzger, MD 
Steubenville, Ohio 


David K. Millward, MD 
Raleigh, N. C. 


Vincent F. Miscia, MD 
Omaha, Nebr. 


Ira Sidney Ockene, MD 
Auburndale, Mass. 


William H. Oehlert, Jr., MD 
Oklahoma City, Okla. 


Julio Ortiz, MD 
S. Miami, Fla. 


Herbert A. Oxman, MD 
San Antonio, Texas 


Gerald M. Pohost, MD 
Belmont, Mass. 


Gilmour D. Pollock, MD 
Hollis, N. H. 


Kenneth A. Popio, MD 
W. Newton, Mass. 


William W. Pryor, MD 
Greenville, S. C. 


Ralph R. Rampton, MD 
Walla Walla, Wash. 


Mary D. Restifo, MD 
Bethesda, Md. 


John M. Rich, MD 
Columbus, Ohio 


Stephen Richmond, MD 
Rockville Centre, N. Y. 


Harold J. Robinson, MD 
Narberth, Pa. 


John L. Robinson, MD 
Worthington, Ohio 


Michael A. Rossi, MD 
W. Hartford, Conn. 


Barry D. Rutherford, MD 
Rochester, Minn. 


Joseph F. Ruwitch, Jr., MD 
Grand Rapids, Mich. 


Joseph Salomon, MD 
Rochester, N. Y. 


John C. Santos, MD 
Marblehead, Mass. 


James R. Saphir, MD 
Berkeley, Calif. 


Rajindra K. Sarin, MD 
Rockville, Md. 


Stephen S. Scheidt, MD 
New York, N. Y. 


Charles L. Schulman, MD 
Wellesley, Mass. 


James |. Scott, Jr., MD 
Hamilton, Ohio 


Philip B. Serlin, MD 
Tucson, Ariz. 


Sujinr S. Shay, MD 
E. Peoria, Ill. 


William E. Shell, MD 
Kessler AFB, Miss. 


Joe! A. Sherman, MD 
Watertown, Conn. 


Laurence J. Sloss, MD 
Newtonville, Mass. 


David C. Smith, MD 
San Diego, Calif. 


Roger E. Smith, MD 
Charlotte, N. C. 


Henry A. Solomon, MD 
New York, N. Y. 


Chalard Somabutr, MD 
Omaha, Nebr. 


Alfred W. H. Stanley, Jr., MD 
Birmingham, Ala. 


Elliott M. Stein, MD 
New York, N. Y. 


David L. Steinberg, MD 
Atlanta, Ga. 


Charles Steiner, MD 
Gretna, La. 


Kenneth M. Steinhouse, MD 
Wayne, N. J. 


Gail B. Strait, MD 
Tacoma, Wash. 


Avery W. Strickland, MD 
Brunswick, Ga. 


Gregory F. Sullivan, MD 
Rutherford, N. J. 


David A. Swan, MD 
Los Angeles, Calif. 


Thomas W. Sweatman, Ill, MD 
Fremont, Calif. 


Jack B. Taylor, MD 
Washington, D. C. 


Dean E. Thomas, MD 
Rockford, Ill. 


James W. Todd, MD 
Medford, Mass. 


Michael S. Vaughan, MD 
Latrobe, Pa. 


David W. Vaules, MD 
Copperstown, N. Y. 


Kasem Watanachai, MD 
Chicago. Ill. 


Robert A. Waugh, MD 
Durham, N. C. 


Thomas G. Welch, MD 
Travis Air Force Base, Calif. 


David E. Wells, MD 
Miami, Fla. 


Thomas F. Whayne, MD 
Oklahoma City, Okla. 


Alan S. Wilensky, MD 
Birmingham, Ala. 


James T. Willerson, MD 
Dallas, Texas 


Edwarc G. Williams, MD 
Mountainside, N. J. 


Stanley E. Zeeman, MD 
Allentown, Pa. 


Thomas J. Zimmerman, MD 
Coralville, lowa 


William R. Zimmerman, MD 
Los Angeles, Calif. 


July through December ”* 
Alan G. Bartel, MD 
Durham, N. C. 


Robert C. Fulweber, MD 
Houston, Texas 


Paul W. Jewett, MD 
District Sangli, India 


Sarkis J. Kechejian, MD 
Dallas, Texas 


Michael M. Laks, MD 
Los Angeles, Calif. 


George Walcott, MD 
Milwaukee, Wisc. 


* Certified during the July 
through December period and 
not included on the previous 
list. 
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. Make Life Easier For You And Your Pacer Patients 









? .. Now, with the advent of the ESB Medcor Pacer- 
| .GCheck*. system, it is possible for your office to 
- conduct regular, accurate recordings of heart 


|... Both you and your patients benefit. Now, with no 
C | more than a phone call, you can have information 
which permits elective decisions on replacement 

- rather than emergency or prophylactic replace- 
^ ments. (By using a regular patient checking. 
t program, maximum pacer life can be realized.) 

Your patient and you have flexibility and safety at 
the same time 

This two-component system operates simpl y, 
requiring minimal training to both your pua ie 
and patients. 

The Medic Unit, at left, is the central compo- 
nent and is usually located in the hospital or clinic. 
| ge it rocais ECGand i pacer rate input via unaltered 


> Patien Unit. WM hich is usually 





pacer patient's ECG and pacer rates by telephone. 





pacer artifact to ascertain pacer capture. 
Pacer rate is shown continuously by 
illuminated numbers on the front panel. This 
is the first system available to physicians 
that records ECGand simultaneously 
displays pacer rate. 

The Patient Unit is lightweight and battery 
powered. It is capable of transmitting from any — 
telephone to your office. Transmissions have been 
successfully mace from such great distances AS oy 
Tokyo to New York. To operate, the patient p: aces. S 
the telephone headset in the receiving crade ^ . 
ard then slips the two expandable bracelets over . 
his forearms. Trensmission becins immediately. . 

The Pacer-Check* system, approved for reim- 
bursement by Medi icare, has proven itself a useful a 
and seihisipponing method of i maintaining a a 








in paperback 

complete selections 

from Dr. Laragh's 

HYPERTENSION 
MANUAL 


SOON 


for 
your special interest 


HYPERTENSION-MECHANISMS Approx. 500 pages—$12.50 
HYPERTENSION-METHODS Approx. 120 pages—$7.50 
HYPERTENSION-RENIN SYSTEM, DRUG THERAPY AND DIET approx. 120 pages—$7.50 


Edited by John H. Laragh, M.D. 

of the College of Physicians and Surgeons 
ColumbiaPresbyterian in New York 

The classic treatise for 

understanding, diagnosing and treating hypertension. 
The most definitive work on the subject to date. 


Order all three for $25.00 (a $2.50 savings) 
or order individually according to your information needs. 
Expected publication date—November/December. 


For full description 
of Laragh s HYPERTENSION MANUAL see pages A102 and A103 







in paperback complete selections 
from Laragh's HYPERTENSION MANUAL 


Please send me O Hypertension-Mechanisms for $12.50 

O Hypertension-Methods for $7.50 

1 Hypertension-Renin System, Drug Therapy & Diet for $7.50 
O All three for $25.00 









O Full Payment enclosed (save handling charges) O Bill me and add $1.00 for extra handling 
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introducing a 
new era in advanced 


angiographic techniques. 


i 


As the leading manufacturer of angiographic injection systems, 
Medrad has proudly introduced many new concepts to the field 
cf angiography - including the first disposable syringe. 

Other Medrad firsts have been: electrical isolation of contrast 
media, overrate protection, manual control of injection piston 
plunger, detachable injector head, extended flow rate ranges, 
linear control of injection flow rate rise times, accurate digital 
switches and push-button operation. 

The Mark IV continues the Medrad tradition of technological 
innovation by introducing a completely disposable 130ml syr- 
inge. Additional features include the exclusive rotating double 
syringe assembly, 260ml injection capacity, overrate/overvolume 
protection, pressure limit/pressure monitor to 1200 PSI, variable 
speed loading mechanism and sev- 
eral new optional features. 

The Mark IV is engineerec to be 
the ultimate in angiographic tech- | 
nology and versatility. Its unique 












Angiographic 


Injector 


Another option of this module is the pulsed ECG Film Changer 
Delay which synchronizes the film changer to the patient's 
ECG by providing a pulsed switch closure for each R-wave that 
is received. 


(D) The Volume Limit Module is a standard feature of the Mark 
IV. It can be set for any desired volume up to and including 
130ml. A warning light signals when the selected volume exceeds 
the amount of contrast medium remaining in the syringe. Arming 
pushbuttons indicate the state of the injector during single or 
multiple injections (disarmed, armed - not injecting or injection 
in process.) Optionally available on the Volume Limit Module is 
a Delivered Flow Rate Error Indicator which shows any error 
between the preset and achieved 
flow rates. 


(E) Included in the Basic Flow 
Module are the Pressure Limit/ 
Pressure Monitor to 1200 PSI, 





modular design permits unmatched mor — = = ^al 

flexibility to meet even the most "y gs. & inamana Fj, || Extended Flow Rate Range to pro- 
OPY : i ; | ili | reese & vide the capability for slower veno- 

sophisticated angiographic require- pte Adi It smummmm |! grams and lymphangiograms, and 

ments. MuepUNned electronic ac Bw — the Linear Acceleration Control 

^n die Mar - E 2 be MAIS r3 ro | to minimize catheter whip and 

njection System to perform any a = | 2 id a 

or all of the following functions: wea md $93 | facilitate cardiac synchronization. 

Sophisticated control of flow rates mi NC u A unique Injector Head with 

to provide biphasic injections, - as Rotating Double Syringe As- 

aortic bifurcation and back flow sembly provides a capacity of 

studies is achieved by using the ic aa jid n 6a 177 NUR 260ml. 

Universal Flow Module. This sys- E D C One of the primary features of the 


med flow rate changes after the 
injection has begun. 


(A) A series of three ECG Trigger Modules is available with the 
Mark IV: 

The ECG Trigger Module | synchronizes a single injection to the 
ECG. 

The ECG Trigger Module II synchronizes either single or up to 
nine repeat injections to the ECG. This option includes a digital 
R-R Interval Timer, R-wave termination capability, Audible R- 
wave Indicator and a unique Program Preview Pushbutton for 
pre-injection visualization of the injection waveform. 

The ECG Trigger Module III contains all features of the ECG | 
and ECG II and also includes an exclusive Injection Profile Pro- 
grammer. The Profile can be programmed in 100 millisecond in- 
crements to alter the injection flow rates during the ECG cycle. 


(B) In conjunction with the ECG Trigger Modules, a Dual Chan- 
nel Oscilloscope Module System can be added. The ECG, injec- 
tion flow/volume curve or other variables pertinent to the pa- 
tient s study may be automatically monitored and stored with the 
Dual Channel Oscilloscope Module System. It can be set for one 
of three calibrated sweep speeds. Both channels of the oscillo- 
scope are nonfading. 


(C) The Timer Module with an adjustable delay time switch is a 
standard feature of the Mark IV Injection System. It can be set 
from 0 to 29.9 seconds to synchronize the film changer with the 
injector. An Electrical Hazard Monitor Alarm may be added. The 
Electrical Hazard Monitor Alarm is used to detect current leak- 
age of all equipment in the angiographic room. This option in- 
dicates current leakage and sounds an audible alarm when the 
adjustable limit is exceeded. 


Rotating Double Syringe Assembly. 
Two syringes may be pre-loaded. When the volume of the first 
syringe is used, the assembly may be rotated 180* anc the second 
syringe is automatically positioned for immediate use. The 
Double Syringe Assembly may be ordered to accommodate two 
130ml syringes, two 65ml syringes or one 130ml syringe and one 
65ml syringe. 
For patient safety the injector will not arm if the syringe has 
not been positioned correctly. 
A forward-reverse rocker switch located atop the injector head 
activates the syringe plunger for loading purposes. The plunger 
slowly accelerates to a convenient filling speed in either direction. 


The Mark IV...the ultimate. 

The Mark IV Angiographic Injection System represents 
Medrad's finest engineering and design efforts to fulfill every 
angiographic requirement. 

Just a part of Medrad's plan to make technology work for 
people. For detailec information regarding the Mark IV Angio- 
graphic Injector, please contact your local supplier or write or 


rmenman 


TECHNCLOGY FOR PEOPLE 
566 Alpha Drive, Pittsburgh, Pa. 15238 
412-782-4600 TWX: 710-795-3121 


‘All described options may be ordered with the basic Mark IV injection System or 
added at a later time by simple modular replacement 





U.S. Patent Nos. 3623474, 3701345 ©Medrad 1974 
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Dear Doctor: Who developed the program? 

Rarely does such an opportunity come your The test material was prepared by the Committee 
way —a chance to measure your clinical skills — on Self-Evaluation in Cardiology working with 
a stimulating exercise—a refreshing challenge the advice of two consultants in medical educa- 
—and great fun in the bargain. tion. 

This voluntary self-assessment program was The members: 


developed by outstanding experts. It emphasizes 
your own practical clinical ability and judgment 
in diagnosing and treating the major cardiovas- 
cular problems. 

The beauty of it is that you test yourself at your 
convenience in complete privacy. And the entire 
interesting experience takes only a few hours. 
You not only learn your strengths and weak spots 
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ance with that of your peers. Howard Burchell, M.D. R. Joe Noble, M.D. 
After taking the test, you check your answers Melvin Cheitlin, M.D. Jacqueline A. Noonan, M.D. 


against the answer key. You will receive a brief Ted Chou, M.D. Harold L. Osher, M.D. 
discussion of each problem to help you with J. Michael Criley, M.D. Joseph Ross, M.D. 


further study. D. Hywel Davies, M.D. Arthur A. Sasahara,M.D. 
This unique, interesting test was field tested Marvin I. Dunn, M.D. Donald E. Saunders, Jr.,M.D. 

by a broad range of physicians (practicing, aca- Alfred P. Fishman, M.D. David C. Schwartz, M.D. 
demic, trainees) all of whom responded with en- Allan Friedlich, M.D. Jack P. Segal, M.D. 
thusiasm. See how much you know and learn Edward D. Frohlich, M.D. Arthur Selzer, M.D. 
from the test itself. You can't lose! Michael Gordon, M.D. Ralph Shabetai, M.D. 

E. W. Hancock, M.D. Pravin M. Shah, M.D. 
Sincerely yours, Roger B. Hickler, M.D. James A. Shaver, M.D. 


A J. O'Neil Humphries,M.D. David H. Spodick, M.D. 
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Samuel Kaplan, M.D. Sylvan L. Weinberg, M.D. 
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Committee on Self Evaluation 
The project is being jointly sponsored by the 


How will this program help you? American College of Cardiology and the Council 
It gives you an opportunity to measure your clin- of Clinical Cardiology of the American Heart 
ical acumen privately and acurately in six fields Association. The actual assessment format and 
of cardiology. You can identify your strengths content have been carefully pre-tested by a large 
and find areas where you will want to pursue number of practicing physicians. They have 
further study. Your score is confidential as you found the results enlightening and useful as a 
do the scoring. guide to future study. 
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| The following detachable application form should be completed by physicians | 
| wishing to purchase this self-assessment program. The application and accom- 
panying check should be mailed to: | 


Self-Assessment in Cardiology, Post Office Box 5879, Washington, D.C. 20014 


CARDIOLOGY SELF-ASSESSMENT PROGRAM Piefered Bn Aarne 
| wish to participate in the self-assessment 











program. Cost NAME (Please type or print) 
| am a(n): Intern or Resident [] $25.00 
(other than above) C] $60.00 
CITY 


My check for [|] $25.00, C] $60.00 
payable to “American College of Cardiology 
| Self-Assessment Program” is enclosed. me 
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ablets for patients on 80 mg. or more per day (up to a 
n of 120 mg./day) | 


| axis against anginal attacks often caused by 


Adverse Reactions: Cutaneous vasodilation with flushing. Headache is 


| yday stress. — : 
quency and severity of angina pectoris attacks. 
ort the acute episode.) 


sd on a review of this drug by the National Academy 
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of coronary artery disease). It is} — 
| Consult direction circular before prescribing. 





common and may be severe and persistent. Transient episodes of dizziness 
and weakness as well as other signs of cerebral ischemia associated with 
postural hypotension may occasionally develop. This drug can act as a 


_ physiological antagonist to norepinephrine, acetylcholine, histamine, and 


many other agents. An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 


weakness, restlessness, pallor, perspiration and collapse) can occur even 
_with the usual therapeutic dose. Alcohol may enhance this effect. Drug 
_ fash and/or exfoliative dermatitis may occasionally occur. 


May we send you reprints, detailed information and/or professional samples? 


New York 10017 


LABORATORIES INC. 


® 
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P Hypo-complianceí is the failure or inability of ye your hypertensive patients 
-to follow your prescribed therapy. Result? Inadequate therapeutic response. 





 Hypo-compliancei in hypertension 
Poor compliance is common in hypertension because 
e Mild to moderate hypertension is largely asymptomatic. 
e Complex dosage regimens may confuse patients ande too costly. 


e Patients are often unaware of beneficial result ts. 


Advantages of Hygroton (chlorthalidone) 


e “In our experience, chlorthalidone [Hygroton] is tne only truly long- 
acting diuretic, permitting once-a-day administration.” 


e “The greatest compliance follows a one-pill-a-d&y regimen." 


e Chlorthalidone is one ofthe most widely used diuretics because of 
its antihypertensive effectiveness and ready acceptance by patients.? 


1. Finnerty, F.A., Jr.: Am. Fam. Physician 7:99, 1973. 2. Horwitz, D. anc Sjoerdsma, A.: Med. Ann. D.C. 38:1, 1969. 
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e Indications: Hypertension, adjunctive ther- ards include fétal or neonatal jaundice, receiving parenteral fluids. Medication sui 
c apyin edema. Contraindications: Anuria, .. thrombocytopenia, and possibly other |J asdigitalis may also influence serum ^ - 
sS hypersensitivity to chlorthalidone; routine adverse reactions which have occurred in electrolytes. Hypokalemia may develop v 
-. use of diuretics in an otherwise healthy preg- the adult. in nursing mothers, thiazides chlorthalidone as with any other potent — 
-—. pantwoman with or without mild edema is cross the placental barrier and appear in |, diuretic, especially with brisk diuresis, whi 
contraindicated and possibly h hazardous. cord blood and breast milk; Precautions: severe cirrhosis is present, or during: con- 
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2 Of renal disease). Dilutional hypona- blood urea nitrogen, a careful reappraisal of Orthostatic hypotension may örtür anda may 

ia May occur in edematous patients in therapy is necessary with consideration be aggravated by alcohol, barbiturates or. 
veather. Hyperuricemia may occur or given to withholding or discontinuing diuretic narcotics. Other adverse reactions include 2€ 
[precipitated | in certain patients. Insulin therapy. Chiorthalidone and related drugs hyperglycemia, glycosuria, hyperuricemia, ob 
lirements i in diabetic patients may be in- may decrease serum PBI levels without SEE 
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signs of thyroid disturbance. Adverse 
Reactions: Anorexia, gastric irritation, nau- 
sea, vomiting, cramping, diarrhea, constipa- 
tion, jaundice (intrahepatic cholestatic 
jaundice), pancreatitis; dizziness, vertigo, 
paresthesias, headache, xanthopsía; leuko- 
f: i Chlo orthalidone and. penia, agranulocytosis, thrombocytopenia, 
crease arterial respon- .  . @plastic anemia; purpura, photosen bd 
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- Recently much attention has been focused on the absorption, distribution, 
. . metabolism and excretion of drugs. As pharmacokinetics takes its place 
-. .. alongside pharmacodynamics, a new dimension isaddec to | 
-cardiovascular drug therapy. In addition, new knowledge of drug 
interactions, and new understanding of alterations in Grug responses 
|... caused by the disease under treatment, also contribute to rational drug 
therapy. All of these considerations are discussed by Dr. Melmon and the 
SW distinguished contributors to this fine text. 


tt | .. Edited by Kenneth L. Melmon, MD, Chief, Division of Clinical 
up eee Pharmacology, Professor of Medicine and Pharmacology, University of 
.... California Medical Center, San Francisco 
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| This : icd jeharünte has been com- 
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^. on bifascicular block, differential diag- 


nosis: of QT abnormalities, the arrhyth- 
. mias, and differential. diagrosis of ECG's 
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. By Sidney R. Arbeit, MD, FACC; Ira Lloyd 
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Le Gross, 
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MD, FACP, FACC. 


2 pe 288 pages/74 figs. 
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ESSENTIALS CF 
PEDIATRIC CARDIOLOGY 


This new text provides guidelines to cor- 
rect diagnosis of the pediatric cardiac 
patient. The simple and orderly presenta- 
tion of material will aiso help the practi- 
tioner or the student to properly assess 
the severity and hemodynamics of the 
anomaly. | 

By James H. Moller, MD 

108 pp/39 figs. — $5.00 (paper) 


ESSENTIALS OF HEART 
RHYTHM ANALYSIS 


Considering the remarkable advances in^ 


ihe treatment of heart rhythm disturb- - 


ances, this manual fills a gap by present- 
irg the electrophysiology of cardiaco- 
rhythm and impulse conduction and an. 


"| orderly approach to the nd of car- 2i 


diac rhythm. 


By Ira W. Weiss, MD 
260 pp/504 figs. . $7.25 paper 
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ri With a foreword by Brian F. Hoffman, MD 
This important new work will provide a 

|. definitive source of information for 
cardiologists who want to know more about 
his diagnostic technique. The contributors, 
. ali recognized authorities in the field, are 
. among those most closely associated with 
. . the development and refinement of this 
==- clinically valuable procedure. The book 
brings together all the currently known facts 
oo . about His bundle electrocardiography, and 
Do gives the clinician a sound working 
approach to the procedure itself. 


| Edited by Onkar S. Narula, MD, Chief, 
Section of His Bundle Electrocardiography, 
i . Philip Samet Cardiology Associates, 

Mount Sinai Medical Center, Miami 
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Ellestadon . 
STRESS TESTIN 


Principles and Practice 


With a foreword by A. A. Kattus, MD x 
Eight thousand patients, 12 years of 
intensive investigation, and a compute 
provide a wealth of information about th t 
physiology of the heart subjected to 
exercise. For the cardiologist, stress ies 
can give very precise information about | 
cardiac performance, can predict future - 
reactions to stress, and can reveal latent 
coronary disease as well as measure e the 
degree of disability. 


By Myrvin H. Ellestad, MD, Chief, Section: Rol 
Cardiology and Director, Division of Clinical 
Physiology, Memorial Hospital Medical. ^ 
Center of Long Beach, California; Qiinical 
Professor of Medicine, University OF 
California at Irvine 


DIAGNOSTIC METHODS 
IN CARDIOLOGY 


In this sizeable new work, 43 authorities explore and assess 
practically all of the diagnostic methods now available tothe — .. 
cardiologist in evaluating cardiac function and cardiovascular - 
disease. Included are chapters on auscultation, exercise 
electrocardiography, His bundle electrocardiography, 
apexcardiography, vectorcardiography, coronary arteriograr 

| Doppler flow studies, myocardial sed echocardi 


| : and | many ASI 





Now1ts all together” 
in a single source. 


The 
Practitioners’ 
Dermatology 


, EL. by Richard L. Sutton, Jr., M.D. & 
'ractıitioners Morris Waisman, M.D. 

" 512 pages 600 illustrations 
Jerm atology Incorporates more facts relating Dermatology 
to Diagnosis in general medicine than do any 
of the smaller books. Extensively supplemented 
with visual references. 


UTTON & WAISMAN į} 


Written uniquely for the Dermatologist, Intern- 
ist and Family Practitioner in the lively and con- 
cise style for which Drs. Sutton and Waisman 
are noted. 


Spans: etiology/physiology/diagnosis/treatment 
SEE COMPLETE TABLE OF CONTENTS 


SPECIAL EMPHASIS PLACED ON PROCEDURES 
THAT DO WORK! Drs. Sutton and Waisman 
write “After all, we are all experienced with pro- 
cedures that don't work.” 


Available Autumn 1974 

RESERVE YOUR PERSONAL COPY 
NOW ... YOU WON'T BE ABLE TO 
BORROW THIS BOOK! 
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Mave you ever Mougn apout vvno 
provides the drug 
that you rely upon? 





The great bulk of the material that 
reaches you concerning prescription 
drugs is provided or sponsored by 
the companies manufacturing them. 
Strict government monitoring re- 
quires this information to be tech- 
nically accurate but it cannot be said 
to be objective. 


To practice medicine at the highest 
level by using drugs most advanta- 
geously and safely it is critical that 
you rely on drug information that is 
objective, contparative and is updated 
regularly. That's what the Modern 
Drug Encyclopedia is all about. The 
Modern Drug Encyclopedia is not a 
bound set of package inserts. It is an 
editorial product responsibly written 
to meet your drug referencing needs. 


The Modern Drug Encyclopedia is a 
compendium of over 3,000 pharma- 
ceuticals, biologicals and allergens 
written, compiled and edited by an 
independent team of physicians and 
pharmacists. It is organized alphabet- 
ically by generic name with a General 
Index by brand and generic name. A 
Therapeutic Index pinpoints and lo- 
cates which drugs are indicated, and, 
for even further flexibility, a Manu- 
facturer's Index is also provided. The 








information 


generic listing permits comparisons 
between drugs for the same indication 
and the free updating supplements in- 
sure that the information is the latest 
available. 


But the proof of the pudding is in the 
eating. As a professional courtesy we 
would like to send you the new 1975 
edition of the Modern Drug Encyclo- 
pedia to use for a full month at our 
risk and expense. If at the end of the 
month it has not provided you with an 
important and different source of 
drug information, simply return it 
and owe nothing. 


To order, complete and mail the reply 
card. To avoid disappointment, order 
now since our printing run is limited 
— Also save $4.00 on our special pre- 
publication price of $29.00. After 
publieation the price will be $33.00. 
Scheduled for release—February/ 
March, 1975. 


Other Yorke Medical Group publica- 
tions include The American Journal 
of Medicine, The American Journal of 
Surgery, The American Journal of 
Cardiology, Cutis, Laragh’s Hyper- 
tension Manual, The Practitioners’ 
Dermatology, Mason’s Congestive 
Heart Failure. 


eS 


MODERN DRUG 
emu YCLOPEDIA 
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ORKE MEDICAL BOOKS 


THE MODERN DRUG ENCYCLOPEDIA —13th EDITION 
THE YORKE MEDICAL GROUP 666 Fifth Avenue, New York, New York 10019 


You've piqued my interest. Send me 


copies of the 13th Edition of Modern Drug 


Encyclopedia on a 30 day no risk approval basis, and enter my name to the 2 year free supplement 

service list. If MDE/13 is everything | hope it is, | will remit only $29.00* plus shipping. Otherwise, 

! will simply return it. Foreign Price— $36.00. 

L] SAVE MORE. Check here if enclosing $29.00* now. You save an additional dollar. Publisher 
absorbs shipping costs. Money back if you return the book. Foreign, enclose $36.00 U.S. funds. 


C] Bill me (shipping & billing charges $1.00 extra). 








NAME SPECIALTY 
ADDRESS 
CITY/TOWN SIATE S roris a A RE 


*In New York State, please add appropriate sales tax. 
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INSTRUCTIONS FOR AUTHORS | 


THE WHOLE PAPER 


e Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 10019. 

e Submit two copies of all elements of 
the article: text, references, legends, ta- 
bles and figures. 

e Arrange the paper in this order: (1) 
title page; (2) abstract; (3) text; (4) ref- 
erences; (5) legends; (6) tables; and (7) 
figures. 

e Number all pages in above se- 
quence, beginning with title page as 1, 
abstract as 2, etc. 

e Type all matter: (1) on 8% X 11 
opaque white bond paper; (2) in dupli- 
cate; (3) on one side of each sheet only; 
(4) double-space; (5) leave wide mar- 
gins, all four sides. 


THE TITLE PAGE 


e Include first names, degrees and, 
where applicable, FACC for all authors. 
e Provide a short running title of 3 to 6 
words. 

e Insert at bottom: name and address 
of institution from which work originated 
plus information about grants. 

e Add at bottom the phrase "Address 
for reprints: ...’’ followed by full name 
and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: list of 2 to 6 
key words and subjects for indexing. 


THE TEXT 


e Type in duplicate; double-space. 

e Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 

e Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 

e Cite in numerical order every refer- 
ence, figure and table. (Order of men- 


A1Nk © 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome con- 
cise articles devoted to cardiovascular disease. Articles must be contrib- 
uted solely to THE AMERICAN JOURNAL OF CARDIOLOGY and become the 
property of the Publisher. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced in any form 
without the written permission of the Publisher. Statements in articles are 
the responsibility of the authors. Authors will assist the editors in the prompt 
processing of manuscripts if these instructions are followed: 


tion in text determines the number given 
to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

e Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations | and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

e Identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman 
numerals; Table |, Il, etc.) anc a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. | 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. 

e Please note that art work cf pub- 
lished articles will not be returned. 

« Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

e Use arrows to designate special fea- 
tures. 

ə Crop photomicrographs to show only 
essential field. 

e Identify figures on back by number 
and author's name. 

e Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

e Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28, Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 
Williams & Wilkins, 1968, p 134 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 
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In observing its 25th Anniversary Year, the American College of 3 
Cardiology takes pleasure in announcing the availability of. . . 3 
ACCEL” SUPPLEMENT NUMBER TWENTY-FOUR ; 
entitled x 





AN ORAL HISTORY OF TWENTY-FIVE YEARS 1 
OF AMERICAN CARDIOLOGY 
1949 -1974 


This supplement, An Oral History of American Cardiology, is a rare jewel and will become a collector's item. Bound in | 
a handsome vinyl album, the supplement contains five 60-minute audio cassette tapes. In their own voices, the great con- n- 
tributors to cardiac resuscitation, cardiac surgery, pacemakers, prosthetic devices, arrhythmias, medical therapy, preven- 
tive medicine, diagnosis and teaching describe their life and times. This living memoir, with voices, photographs, cur- 
riculum vitae, and bibliographies, celebrates the creative work in American Cardiology in the third quarter of this cen- 
tury—and honors the Twenty-fifth Anniversary of the American College of Cardiology. 4 


One way of expressing the delight and merit of this Oral History is to remind ourselves of the pleasure we would have 
if we could hear the voices of Laénnec, Harvey, Corrigan, Heberden, Withering, describing their work. 


Here on this Oral History are the voices of Adams, Bailey, Bing, Bishop, Burch, Cooley, Corday, DeBakey, Dexter, 
Doherty, Dustan, Edwards, Effler, Engle, Freis, Gofman, Griffith, Harrison, Hurst, Keys, Kouwenhoven, Kolff, LaDue, 
Likoff, Lillehei, Lown, Page, Ravin, Russek, Sodeman, Sokolow, Stamler, Taussig, Terry, Wood, Wright and Zoll. 


This supplement will make an outstanding gift for medical students and house officers and, equally, will give the listener 
who has experienced these productive years between 1949 and 1974, pleasure and knowledge. 


CODI, fe eee ae Si ee ee a 
Produced by: E. Grey Dimond, M.D. 


Editor-in-Chief, ACCEL™ 
Kansas City, Mo. 


^ 
` ü 1 » X 1 
PI. Addn? ee Nis WO 


9650 Rockville Pike, Bethesda, Md. 20014 


Please send me the ACCEL™ Supplement No. 24, AN ORAL HISTORY OF TWENTY-FIVE YEARS OF AMERICAN ; 
CARDIOLOGY. (| jl enclose $20.00 (U. S. Funds). (Make check payable to: The American College of Cardiology.) i 


Name: . OAA es AN A AT AS A oe EE E A 


Address: |... Meer MA e 6a snm. de Zu S FORENT WS E EOE Tp APT ECR reus SOS OM BERE ICHH SE DP ce euer 
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I Responsibilities include designing and directing the 
linical evaluation of new compounds (phases I and IIa). 


-cardiology is a particularly good qualification. Further 
_ experience either industrial or academic, in experimental design 
and clinical evaluation is necessary. 

The scope of this position is world wide and will involve 


some international travel. 
Please send your curriculum vitae with salary 


; requirements in confidence to: W. T. Jackson, Employment Supervisor. 


ERCK & CO., INC. 


RAHWAY, NEW JERSEY 07065 


Equal Opportunity Employer M/F 


Rip RU s 
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clinical I bopsus 
applications : applications 


e Designed for clinical O.R. : € Convenient, handle-type € Use with heart-lung 
or peed lab use probe with positive : machine, artificial kidney 
| capture slide - or similar systems 


iron core construction 
provides high sensitivity 
and accuracy 
€ For rapid analysis of Operates with BLI 
flow through exposed | . research and clinical 
blood vessels I blood flowmeters 


€ Designed for O.R. and 
cath lab use 


€ Use with Biotronex 
clinical blood flowmeter 


Available in sizes to fit 
most tubing 





You expect a lot 
from a pacemaker 
with a 36 month 
full replacement 
warranty. 


And you get a lot 
from the IDP-54: 


An implantable R-wave- 
inhibited pacemaker for 
intracardial and myocardial 
stimulation for a low, con- 
stant stimulation threshold.* 


Low energy consuming 
circuitry and the new Mallory 
cell producing up to 4 to 5 
years operating life. 


36 month full replacement 
warranty. 


Suitability for initial implant 
or implantation in patients 
with existing implanted 
electrode systems. 


* The implantation of an R-wave- 
inhibited pacemaker has been well 
proven in the following cases: 
intermittent AV block with 
predominant sinus rhythm, recurrent 
bradycardia and second implantation 
to replace a fixed rate pacemaker 
with virtual return to sinus rhythm. 


Get to know Biotronik, the 
pacemakers known for quality. 


> BIOTRONIK SALES, INC. 
an 9228 4th Street North, 
St Petersburg, Florida 33702. 


k | (813) 576-5142 
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Index Issue 

Studies on Maximal Exercise Performance 
Coronary Thrombosis in Myocardial Infarction 
Contents on Page A9 


Coming: ACC 24th Annual Scientific Session 
Houston, Texas, February 10-13, 1975 





The more physicians 
consider the hemodynamics of 
lowering blood pressure... 


Most physicians now agree on 
the importance of reducing 
blood pressure in the hyper- 
tensive patient. But high blood 
pressure exists, of course, only 
as part of a complete clinical 
picture. The hemodynamic 
profile of well-established es- 
sential hypertension is charac- 
terized by elevated arterial 
blood pressure, normal cardiac 
Output, and increased total 
peripheral resistance. 

And so, physicians are increas- 
ingly concerned with the ef- 
fects of an antihypertensive 
agent not only on blood pres- 


Sure itself but also on the 
hemodynamic pattern—in 
Short, with the total effect of 
the drug. Does it indeed help 
lower blood pressure effec- 
tively? /s peripheral resistance 
reduced? Are cardiac output 
and renal functions main- 













More 


tained? And, also, is there 
likely to be drug-induced pos- 
tural hypotension serious 
enough to pose a threat to the 
patient's cerebrovascular 
status? 

With this emphasis on overall 
drug performance has come a 
growing reliance on ALDOMET* 
(Methyldopa, MSD) in the 
treatment of sustained moder- 
ate hypertension. 

With its unique hemodynamic 
profile, ALDOMET has drawn 
increasing attention. and ap- 
proval from physicians. First, 
of course, for its efficacy in 


the more physicians rely 





on this unique 
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lowering blood pressure. But Contraindications include active X 
there are other considerations hepatic disease and known sen- 
as well. Cardiac output is usu- sitivity to the drug. Use with 
ally maintained with no cardiac caution in patiente 
of liver disease or dysfunction. 
acceleration; in some patients | Not recommended in pheochro- 

the heart rate is actually | mocytoma or pregnancy. 

slowed. Peripheral resistance It is important to recognize that 
is apparently reduced. | a positive Coombs test, hemo- 
ALDOMET does not usually lytic anemia, and liver disorders 
compromise existing renal may occur with methyldopa ther- 

function; it generally does not apy. The'rare ocGuF(Encesue | 

reduce renal blood flow, glo- molytic anemia or liver disorders | 
merular filtration rate, or fil- caud "ead to poema 
complications unless properly 

tration fraction. And ALDOMET recognized and managed. For | 

usually does not cause sympto- more details see the brief sum- Á 

matic postural or exercise mary of prescribing information. F 

hypotension. RR È 








In most cases of sustained moderate hypertension 
TABLETS, 250 mg and 500 mg 


ALDOMET 


(METHYLDOPA | MSD) 


smoothly lowers blood pressure 










For a brief summary of prescribing information, 
please see following page. 


Pale orc OA 


|... In most cases of 
sustained moderate hypertension 


 ALDOMET 
(METHYLDOPA MSD) 


. smoothly lowers blood pressure 


- Contraindications: Active hepatic disease, such as 
acute hepatitis and active cirrhosis. Known sensi- 
_ tivity. Not recommended in pheochromocytoma. 
- Unsuitable in mild or labile hypertension respon- 
- sive to mild sedation or thiazide therapy. Use cau- 
_tiously in patients with history of previous liver 
. disease or dysfunction. 


- Warnings: It is important to recognize that a posi- 
tive Coombs test, hemolytic anemia, and liver dis- 
Orders may occur with methyldopa therapy. The 
- rare occurrences of hemolytic anemia or liver dis- 
- orders could lead to potentially fatal complications 
- unless properly recognized and managed. Read this 
- section carefully to understand these reactions. 


; With prolonged methyldopa therapy, 10% to 20% 
of patients develop a positive direct Coombs test, 
- usually between six and twelve months of therapy. 
- Lowest incidence is at daily dosage of 1 g or less. 
This on rare occasions may be associated with 
hemolytic anemia, which could lead to potentially 
- fatal complications. One cannot predict which 
- patients with a positive direct Coombs test may de- 
- velop hemolytic anemia, Prior existence or devel- 
< opment of a positive direct Coombs test is not in 
_ itself a contraindication to use of methyldopa. If a 
positive Coombs test develops during methyldopa 
therapy, determine whether hemolytic anemia ex- 
ists and whether the positive Coombs test may be 
a problem. For example, in addition to a positive 
direct Coombs test there is less often a positive 
-indirect Coombs test which may interfere with 
"cross matching of blood. 


- At the start of methyldopa therapy, it is desirable 
-to do a blood count (hematocrit, hemoglobin, or 
red cell count) for a baseline or to establish 
whether there is anemia. Periodic blood counts 
- should be done during therapy to detect hemolytic 
- anemia. It may be useful to do a direct Coombs 
_ test before therapy and at six and twelve months 
after the start of therapy. If Coombs-positive hemo- 
- lytic anemia occurs, the cause may be methyldopa 
.and the drug should be discontinued. Usually the 
anemia remits promptly. If not, corticosteroids 
- may be given and other causes of anemia should 
- be considered. If the hemolytic anemia is related 
. to methyldopa, the drug should not be reinstituted. 
< When methyldopa causes Coombs positivity alone 
or with hemolytic anemia, the red cell is usually 
— coated with gamma globulin of the IgG (gamma G) 
- class only. The positive Coombs test may not re- 
- vert to norma] until weeks to months after meth- 
- yldopa is stopped. 


- Should the need for transfusion arise in a patient 
. receiving methyldopa, both a direct and an indirect 
= Coombs test should be performed on his blood. In 
. the absence of hemolytic anemia, usually only the 
- direct Coombs test will be positive. A positive di- 

rect Coombs test alone will not interfere with 

typing or cross matching. If the indirect Coombs 

test is also positive, problems may arise in the 
major cross match and the assistance of a hema- 
. tologist or transfusion expert will be needed. 


- Fever has occurred within first three weeks of 
therapy, sometimes with eosinophilia or abnor- 
malities in liver function tests, such as serum al- 

. kaline phosphatase, serum transaminases (SGOT, 
SGPT), bilirubin, cephalin cholesterol flocculation, 

prothrombin time, and bromsulphalein retention. 

Jaundice, with or without fever, may occur, with 
onset usually in the first two to three months of 

- therapy. Rarely fatal hepatic necrosis has been re- 

- ported. These hepatic changes may represent hy- 
persensitivity reactions; periodic determination of 

- hepatic function should be done particularly dur- 
ing the first six to twelve weeks of therapy or 
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whenever an unexplained fever occurs. If fever, 
abnormalities in liver function tests, or ear 
appear, stop therapy with methyldopa. If caused 
by methyldopa, the temperature and abnormalities 


in liver function characteristically have reverted 


to normal when the drug was discontinued. Methyl- 


dopa should not be reinstituted in such patients. 


Rarely, reversible reduction in leukocyte count 
with primary effect on granulocytes has been seen. 
Reversible thrombocytopenia has occurred rarely. 
When used with other antihypertensive drugs, po- 
tentiation of antihypertensive effect may occur. 


Use in Pregnancy and Childbearing Age—Not rec- 
ommended in pregnancy. In women of childbearing 
age, weigh potential benefits against possible 
fetal hazards. 


Precautions: Methyldopa may interfere with mea- 
surement of: uric acid by the phosphotungstate 
method, creatinine by the alkaline picrate method, 
and SGOT by colorimetric methods. Since methyl- 
dopa causes fluorescence in urine samples at the 
same wavelengths as catecholamines, spuriously 
high levels of urinary catecholamines may be re- 
ported. This will interfere with the diagnosis of 
pheochromocytoma. Stop drug if involuntary cho- 
reoathetotic movements occur in patients with 
severe bilateral cerebrovascular disease. Patients 
may require reduced doses of anesthetics; hypo- 
tension occurring during anesthesia usually can be 
controlled with vasopressors. Hypertension has oc- 
curred after dialysis in patients on methyldopa 
because the drug is removed by this procedure. 


Adverse Reactions: Sedation, usually transient, may 
be seen during initial therapy or when dosage is 
increased, Headache, asthenia, or weakness may 
be noted as early, transient symptoms. Symptoms 
associated with effective lowering of blood pres- 
sure are occasionally seen and include dizziness, 
lightheadedness, and symptoms of cerebrovascular 
insufficiency. Angina pectoris may be aggravated. 
Symptoms of orthostatic hypotension may occur; 
if symptoms occur, reduction of dosage is sug- 
gested. Bradycardia, nasal stuffiness, mild dryness 
of mouth, and gastrointestinal symptoms including 
distention, constipation, flatus, and diarrhea occur 
occasionally; these generally can be relieved by 
reducing dosage. Nausea and vomiting have been 
reported in only a few patients. Sore tongue or 
"black tongue," pancreatitis, and inflammation of 
salivary glands may occur. 


Weight gain and edema occur infrequently and are 
relieved by administering a thiazide diuretic; if 
edema progresses or signs of pulmonary conges- 
tion appear, discontinue drug. A rise in BUN has 
been observed. Other rare reactions include breast 
enlargement, lactation, impotence, decreased 
libido, skin rash, mild arthralgia, myalgia, pares- 
thesias, Bell's palsy, parkinsonism, psychic dis- 
turbances including nightmares, reversible mild 
psychoses or depression. Urine exposed to air 
after voiding may darken because ef breakdown of 
methyldopa or its metabolites. 


Note: Dosage should be limited initially to 500 mg 
daily when following previous antihypertensive 
agents other than thiazides. Maximal recommended 
daily dose is 3.0 g. Patients with impaired renal 
function may respond to smaller doses than pa- 
tients with normal kidney function. Syncope in 
older patients has been related to increased sensi- 
tivity in those with advanced arteriosclerotic vas- 
cular disease; this may be avoided by lower doses. 
Tolerance occasionally seen either early or late, 
but more likely between second and third month 
after initiation of therapy; increased dosage or 
combined therapy with a thiazide frequently re- 
stores effective control. 


How Supplied: Tablets, containing 250 mg methyl- 
dopa each, in single-unit Pore of 100 and bot- 
tles of 100 and 1000; Tablets, containing 500 " 
methyldopa each, in single-unit packages of 10 
and bottles of 100. 

For more detailed information, consult your MSD 
representative or see full prescribing information. 
Merck Sharp & Dohme, Division of Merck & Co., INC., 
West Point, Pa. 19486 


"Required 
Reading" 

For Your 
Hypertensive 
Patients 


Because of the importance of 
patient motivatior, Merck 
Sharo & Dohme offers “High 
Blood Pressure," a concise, 
pocket-sized booklet that 
defines the patient's own role 
in the managemert of hyper- 
tension. This booklet is avail- 
able for you to give to your 
patients. It is designed to 
reinforce your explanation of 
hypertension and it emphasizes 
the importance of patient 
understanding in adhering to 
the regimen you prescribe. 


Please ask your Merck Sharp & 
Dohme Professional Represen- 
tative or write Professional 
Service Department, West 
Point, Pa. 19486 for a supply 

of this booklet. 
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tance to compare and seriously 


consider another pacer 


brand. 


build personal confidence in any 
life support equipment. 
But our STARR-EDWARDS™ 
After all, it takes several years to Cardiac Pacer System, with over 
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EDWARDS MEDTRONIC ( OMNI- 
L (8114) A. (5945) E ( OR) 
6.3cm x 3.9cm | 6.3cm x 6.3cm |5.9cm x 5.9cm 
Size Bae 2.4cm 4r X 2.3cm M X 2.4cm 
Weight |. fégm | 160gm |. 130gm 
Self-sealing/insulating | | Ju ox 51 
lead attachment | Yes " No No 
Unit inactive until | I " GAP eee i 
implanted Lx EE Ln ah D 
Stimulation threshold OASIS 
determination with 
the actual pulse gener- | | 
ator to be implanted ne AN No No 
High Rate Mode | Demand | Asynchronous | Asynchronous. 
Provides nonstimulat- | OE i ce a 
ing, externally detect- | | | 
able tracking pulse Yes Ape No | No | 
Patient Follow-up ID Wet eee A 
System Yes | Yes | Yes 
Transmitter cost wn E Ni oGlit.es 
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Receiver cost * c , bar Demi 
(physician) | $1200 $2,100 | $650 
Requires electrodes FRUITS | 
for operation _ il No | Yes Yes 
Rate Change P gaor * 
Programmer | No | No |. Yes ($1,200) 
Warranty andReplace-| sé »- WE. UAM - 
ment Allowance __ 36 months 30 months 36 months 
Price, Pulse Generator | — $850 ee | .$1,250 
| Price,EndocardialLead| ^ $130 | $150 | $150 |- 





Its time to make 
a fair comparison. 


four years of clinical experience, 
more than 2500 confirmed 
implants, and a practical and simple 
means to monitor pulse generator 
function by telephone, is:-worthy 
of your most critical comparison. 

So to help you compare 
oranges with oranges, we've put 
together this chart to show our 
major features and those of the 
other leading suppliers. 

We'd like you to see for 
yourself which brand offers you 
and your patients the most sen- 
sible overall approach to artificial 
cardiac pacing. 

For further information, 
please contact Edwards Labora- 
tories, 17221 Red Hill Avenue, 
P.O. Box 11150, Santa Ana, 
California 92711, 714/557-8910, 
Cable: EDSLAB, Telex: 68:5567. 
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Each capsule contains 50 mg. of Dyrenium® (brand of TES 
triamterene) and 25 mg. of hydrochlorothiazide. 


No potassium supplements 
No special K* rich diets 
Just 'Dyazide' once daily or twice daily 


Studies have demonstrated that two prime reasons patients drop out of hypertensive 
therapy are: (1) the patient failed to understand directions, and (2) the regimen was 
overly complicated.* Dosage is simple with ‘Dyazide’, easily understood, once or 
twice daily, depending on response. There's no need to complicate the regimen with 
potassium supplements or unwieldy potassium-rich diets. 


‘Dyazide’ can occasionally cause hyperkalemia. Serum potassium and BUN should 
be checked during therapy. particularly in patients with suspected or confirmed renal 
insufficiency (e.g., elderly or diabetic patients). If hyperkalemia develops, ‘Dyazide’ 
should be withdrawn and a thiazide alone substituted. 


The Dyrenium® (triamterene, SK&F) component of ‘Dyazide’ conserves potassium. 
Therefore, dietary potassium supplements or potassium salts should not be used with 
Dyazide' unless hypokalemia develops or dietary intake of potassium is markedly 
impaired. 


Use 'Dyazide' with caution during pregnancy or in women who might bear children; 
potential benefits should be weighed against possible hazards to the fetus. 


See next page for indications and brief prescribing information. 


*E.D. Freis: The Modern Management of Hypertension, V.A. Information 
Bulletin, 11-35. 
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- Each capsule contains 50 mg. of Dyrenium? (brand of triamterene) 
and 25 mg. of hydrochlorothiazide. 
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edema; edema resistant to other diuretic therapy. 
Also, mild to moderate hypertension. o 
Contraindications: Pre-existing elevated serum 
potassium. Hypersensitivity to either com- | 
ponent. Continued use in progressive renal or - 
hepatic dysfunction or developing hyperkalemia.. - 
Warnings: Do not use dietary potassium supple- 
ments or potassium salts unless hypokalemia — . 
develops or dietary potassium intake is markedly 
impaired. Enteric-coa:ed potassium salts may 
cause small bowel stenosis with or without 
ulceration. Hyperkalemia (> 5.4 mEq/__) has. 
been reported in 4% of patients under 6) years, 

in 1296of patients over 60 years, and inless 

than 8% of patients overall. Rarely, cases have 
been associated with cardiac irregularities. 
Accordingly. check serum potassium during 
therapy, particularly in patients with suspected 

or confirmed renal insufficiency (e.g., elderly or 
diabetics). If hyperkalemia develops, substitute 

a thiazide alone. If spironolactone is used 
concomitantly with 'Dyazide', check serum 
potassium frequently — both can cause potassium 
retenticn and sometimes hyperkalemia. Two 
deaths have been reported in patients or such 
combined therapy (in one, recommended 

dosage was exceeded; in the other, serum elec- 
trelytes were not properly monitored). Cbserve 
patients on "Dyazide' regularly for possible 
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placental barrier and appear in breast milk. 

This may result in fetal or neonatal hyperbili- 
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hydrate metabolism and possibly other adverse 
reactions that have occurred in the adult. When 
used during pregnancy or in women who might. 
bear children, weigh potential benefits against 
possible hazards to fetus. 

Precautions: Do periodic serum electrolyte and 
BUN determinations. Do periodic hematologic 
studies in cirrhotics with splenomegaly. Anti 
hypertensive effects may be enhanced in post- 
sympathectomy patients. The following may 
occur: hyperuricemia and gout, reversible 

nitrogen retention, decreasing alkali reserve 

with possible metabolic acidosis, hyperglycemia 
and glycosuria (diabetic insulin requirements 

may be altered}, digitalis intoxication (in 
hypoxalemia). Use cautiously in surgical 

patients. Concomitant use with antihypertensive 
agents may result in an additive hypotensive 
effect. 

Adverse Reactions: Muscle cramps, weakness, 
dizziness. headache, dry mouth; anaphylaxis; 
rash, urticaria, photosensitivity, purpura, other | 
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(may indicate electrolyte imbalance), diarrhea, 
constipation, other gastrointestinal distur- 
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757 Separation of Effects of Cardiovascular Disease and Age on Ventricular Function with 
Maximal Exercise 


ROBERT A. BRUCE, LLOYD D. FISHER, MANUEL N. COOPER and GEORGE O. GEY 


Separating the effects of cardiovascular disease and age on ventricular function with maximal exercise 
permits the partitioning of the impaired circulatory delivery of oxygen into left ventricular and peripheral 
components. The left ventricular component comprises the heart rate and a noninvasive measurement of 
systolic pressure at maximal exercise where each is related to age-adjusted normal values. The residual 
difference between whole body performance and ventricular function represents the peripheral com- 
ponent of functional aerobic impairment. Peripheral circulatory impairment was significantly increased in 
hypertensive patients and in those with the combination of cardiac disease, angina pectoris and increased 
blood pressure. 


764 Effect of Physical Training on Treadmill Exercise Capacity, Collateral Circulation and Progression of 
Coronary Disease 


RONALD J. FERGUSON, ROBERT PETITCLERC, GASTON CHOQUETTE, LAMBROS CHANIOTIS, 
PIERRE GAUTHIER, ROGER HUOT» CLAUDE ALLARD, LOUIS JANKOWSKI and LUCIEN CAMPEAU 


Coronary arteriographic data in 14 patients with coronary disease who followed an exercise program for 
13 months indicate that increased exercise capacity after training cannot be attributed to the development 
of collateral circulation. New collateral vessels were observed in only 2 of 21 arteries significantly but not 
completely obstructed before training. Coronary arterial lesions progressed in only four, suggesting that 
physical training may possibly retard the progression of this disease. 


770 Epidemiologic Study of Asymptomatic Men Screened by Maximal Treadmill Testing for Latent 
Coronary Artery Disease 


VICTOR F. FROELICHER, Jr., MARY M. THOMAS, CHARLES PILLOW and 
MALCOLM C. LANCASTER 


Maximal treadmill and double Master two-step testing of 1,390 Air Force men for latent coronary artery 
disease showed that the former test was superior with a 60.9 percent sensitivity, 92 percent specificity, a 
risk ratio of 14.3 and a 20 percent probability that coronary artery disease would develop in a subject with 
an abnormal response. The subjects were followed up for a mean of 6.3 years. The abnormal S-T segment 
response to exercise did not absolutely predict the future presentation of coronary artery disease and a 
normal response did not exclude this possibility. Ventricular premature beats were not a practical indicator 
of increased risk unless associated with abnormal S-T response. 


777  Wolff-Parkinson-White Syndrome and Atrial Fibrillation. Relation Between Refractory Period of 
Accessory Pathway and Ventricular Rate During Atrial Fibrillation 


HEIN J. WELLENS and DIRK DURRER 


In patients with the Wolff-Parkinson-White syndrome with a history of atrial fibrillation, the duration of the 
effective refractory period of the accessory pathway correlated with the shortest R-R interval and the mean 
ventricular rate during documented or induced atrial fibrillation. The duration of this period appears to be 
important in identifying patients at risk of having life-threatening high ventricular rates when atrial fibril- 


lation occurs. 
Continued on page A13 
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783 Abnormal Mitral Valve Motion During Ventricular Extrasystoles: An Echocardiographic Study 


PREMINDRA A. N. CHANDRARATNA, JOSE M. LOPEZ, BENJAMIN B. LITTMAN, 
JAGMOHAN D. GUPTA and PHILIP SAMET with the technical assistance of DAL GINDLESPERGER 


Five echocardiographic patterns of mitral valve movement observed in patients with premature ventricular 
contractions included (1) normal movement (18 patients); (2) valve prolapse (20 patients); (3) absent 
valve opening (3 patients); (4) no valve closure (1 patient); and (5) normal motion with long coupling 
intervals (4 patients). Mitral valve prolapse may be an important cause of mitral regurgitation induced 
during ventricular premature contractions. 


787 Length of the Left Main Coronary Artery. Its Relation to the Pattern of Coronary Arterial Distribution 
ITZHAK KRONZON, PAUL DEUTSCH and EPHRAIM GLASSMAN 


In this selective coronary angiographic study of 100 patients, the left main coronary artery was significantly 
shorter in those with a dominant left circumflex vessel or balanced circulation than in patients with a 
dominant right coronary arterial circulation. Awareness of the presence of a short mainstem vessel is 
helpful in preventing selective perfusion of either the circumflex or the left anterior descending branch 
during aortic valve replacement. 


EXPERIMENTAL STUDIES 


790 Functional Significance of Transverse Conducting Pathways Within the Canine Bundle of His 
JOHN C. BAILEY, JOSEPH F. SPEAR and E. NEIL MOORE 


Intracellular stimulation of single cells of the canine bundle of His activated impaled cells of both bundle 
branches in the same sequence as during extracellular stimulation of the proximal bundle of His. When 
intra-His bundle conduction speed is normal, functional transverse interconnections within the canine 
bundle of His cause propagations of a single, uniformly advancing wave front without longitudinal dissocia- 
tion being present. 


796 Experimental Myocardial Infarction. XI. Circulatory Effects of Hypoxia in Intact Conscious Dogs 
with Coronary Occlusion 


JOHN E. MADIAS, KALYANASUNDARAM VENKATARAMAN, LEON T. SNYDER, 
PANTEL S. VOKONAS and WILLIAM B. HOOD, Jr. 


The cardiovascular response to hypoxia in dogs with experimentally produced myocardial infarction was 
qualitatively similar to the response observed before coronary occlusion. Hypoxia after coronary occlusion 
did not further depress overall left ventricular function. The evidence suggests the focally ischemic myo- 
cardium responds in an unimpressive way to elevations in PaO? within the range encountered clinically 
and in this study. 


REPORTS ON THERAPY 


803 Dissection of the Thoracic Aorta. Medical or Surgical Therapy? 


JAMES E. DALEN, JOSEPH S. ALPERT, LAWRENCE H. COHN, HARRISON BLACK 
and JOHN J. COLLINS 


The most important determinant of a patient's clinical status and response to treatment is the site of dis- 
section. Treatment of choice for dissection of the ascending aorta is immediate surgical therapy; medical 
treatment is almost always unsuccessful. For dissection limited to the descending aorta, medical hypo- 
tensive therapy is usually feasible and often successful. The increased risk in surgical repair of 
dissection of the descending aorta reflects the difference between the pathogenesis of this disease and 
that of dissection of the ascending aorta. Surgical intervention for dissection of the descending aorta is 
best reserved for cases in which dissection progresses despite medical therapy. 


Continued on page A15 
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tenance. An initial dose of 1 to 3 tablets may be 


used to terminate arrhythmias, and may be re- 
peated in 3-4 hours. If normal sinus rhythm is not 
restored after 3 or 4 equal doses, the dose may 
be increased by 7 to 1 tablet (137.5 to 275 mg.) 
and administered three to four times before any 
further dosage increase. For maintenance, one 
tablet may be used two to three times a day; 
generally one tablet morning and night will be 
adequate. SUPPLIED: Uncoated, scored tablets 


in bottles of 50. Purdue Frederick 


©COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY 
NORWALK, CONN. 06856 A735 138271 


CONTENTS 





809 Treatment of Preinfarction Angina with Intraaortic Balloon Counterpulsation and Surgery 


815 


823 


834 


838 


RONALD M. WEINTRAUB, PANOS C. VOUKYDIS, JULIAN M. AROESTY, STAFFORD I. COHEN, 
PENNY FORD, GEORGE S. KURLAND, PAUL J. LaRAIA, EUGENE MORKIN and SVEN PAULIN 


Beneficial results in 15 of 16 patients with preinfarction angina unresponsive to medical treatment warrant 
an aggressive approach combining counterpulsation with angiography followed by surgery. Counterpulsa- 
tion reduced peak systolic blood pressure and had little effect on pulmonary capillary wedge pressure or 
cardiac output. 


REVIEWS 


Idiopathic Hypertrophic Subaortic Stenosis. Long-Term Surgical Follow-Up 


ABDUL J. TAJIK, EMILIO R. GIULIANI, WILLIAM H. WEIDMAN, ROBERT O. BRANDENBURG 
and DWIGHT C. McGOON 


The long-term results of surgery in 43 of 128 patients with idiopathic hypertrophic subaortic stenosis ob- 
served for a mean of 84 months suggest that surgery does not alter the basic disease process, and being 
merely palliative, is best used in symptomatic patients unresponsive to treatment with large doses of 
propranolol. The dose of propranolol required for symptomatic improvement in 48 other patients followed 
up for a mean of 37 months ranged from 40 to 320 mg daily. 


SPECIAL REPORT 


Coronary Thrombosis in Myocardial Infarction. Report of a Workshop on the Role of Coronary 
Thrombosis in the Pathogenesis of Acute Myocardial Infarction 


A. BLEAKLEY CHANDLER, IRVING CHAPMAN, LEIF R. ERHARDT, WILLIAM C. ROBERTS, 
COLIN J. SCHWARTZ, D. SINAPIUS, DAVID M. SPAIN, SOL SHERRY, PAUL M. NESS 
and TOBY L. SIMON 


This workshop examined the relations between coronary thrombosis and myocardial infarction, particular- 
ly the role of thrombosis in the pathogenesis of infarction. It was generally agreed that the frequency of 
coronary thrombosis is low in cases of multifocal subendocardial infarcts occurring in the presence of 
advanced coronary sclerosis or ostial lesions. Coronary thrombosis, however, is more frequent in trans- 
mural infarcts. Although a general consensus could not be reached as to whether coronary thrombosis 
precedes or follows such transmural myocardial infarction, most existing evidence continues to affirm that 
myocardial infarction can result from thrombotic coronary occlusion. 


HISTORICAL MILESTONES 


Experimental Production of Cardiac Murmurs (Thayer and MacCallum, 1907) 
SAUL JARCHO 
These innovative dog experiments in the early years of the 20th century represent a valuable advance in 


the instruction of students in the pathophysiology of valvular heart disease and serve as the forerunner of 
modern technological methods for facilitating the learning process. 


DIAGNOSTIC SHELF 


Left Atrial Myxoma. Demonstration by Stop-Action Cardiac Ultrasonography 
RICHARD E. KERBER, DENNIS H. KELLY, Jr. and CHARLES H. GUTENKAUF 


Stop-action cardiac ultrasonography, a new technique that utilizes an ultrasonic contact scanner gated to | 


an electrocardiogram to produce two-dimensional cardiac images, was used to demonstrate a previously 
unsuspected left atrial myxoma in a 63 year old man. This technique enhances the delineation of anatomic 
and spatial orientation. 


Continued on page A17 
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-842 Ultrasonic Pattern of Ventricular Rhabdomyoma in Two Infants 


845 


850 


ZIA Q. FAROOKI, JAMES G. HENRY, EDUARDO ARCINIEGAS and EDWARD W. GREEN 


Abnormal clusters of ultrasonic echoes obliterating the normally clear area between the anterior mitral 
leaflet and the ventricular septum corresponded to the angiographic location of the rhabdomyoma in two 
infants. These echoes disappeared after surgical removal of the tumors, and the ventricular septum could 
be recognized as a distinct structure. 


Echocardiographic Diagnosis of Vegetative Aortic Bacterial Endocarditis 


ENRIQUE C. MARTINEZ, GEORGE E. BURCH and THOMAS D. GILES 


Characteristic shaggy or fuzzy echocardiograms from the region of the aortic valve in three patients proved 
to be due to vegetative aortic valve endocarditis, suggesting the value of echocardiography in diagnosing 
this condition. However, such echoes must be carefully differentiated from those of normal phenomena, 
other disease states and artifacts. 


CASE REPORTS 


Total Anomalous Pulmonary Venous Drainage. Case Presenting with Prominent Right 
Supraclavicular Thrill and Loud Continuous Murmur 


BOON-LOCK CHIA, NGOH-CHUAN TAN and LENNY KHENG ANN TAN 


In this 15 year old boy with an atrial septal defect, drainage of the common pulmonary venous trunk by way 
of a vertical vein into the right innominate vein produced a prominent pulsation in the right supraclavicular 
region with a systolic and diastolic thrill and a loud continuous murmur simulating an arteriovenous fistula. 
The thrill and murmur disappeared immediately after the vertical vein was ligated at its entry into the right 
innominate vein. The atrial septal defect was closed. 


854 Double Aortic Arch System Producing Obstruction to Left Ventricular Outflow 


JOEL |. BRENNER, MICHAEL A. BERMAN, NORMAN S. TALNER and H. C. STANSEL, Jr. 


The suspicion of a double aortic arch system usually depends on symptoms of tracheal or esophageal com- 
pression and confirmation depends upon X-ray examination after barium swallow. In this child with double 
aortic arch the clinically presenting signs were pulmonary and systemic venous congestion caused by ob- 
struction to left ventricular outflow and a significant large left to right ventricular shunt. Pulmonary arterial 
banding was initially performed to reduce pulmonary blood flow and to control the large ventricular shunt 
at the risk of pressure loading of both ventricles. 


857 Communication Between Right Pulmonary Artery and Left Atrium 


NELSON A. de SOUZA e SILVA, EMILIO R. GIULIANI, DONALD G. RITTER, GEORGE D. DAVIS 
and JAMES R. PLUTH 


| Early surgical intervention with interruption of the fistulous communication between the right pulmonary 


artery and the left atrium, as performed in a 25 year old man with this rare congenital anomaly, is recom- 
mended to improve survival rates by preventing serious complications such as rupture, hemoptysis, poly- 
cythemia, brain abscess and cerebral and peripheral emboli. 


864 Salmonella Septicemia After Open Heart Surgery in an Asymptomatic Carrier 


DELORES DANILOWICZ, EUGENE POSNOCK, RANDOLPH CHASE and FRANK C. SPENCER 


The prevalence of asymptomatic carriers of nontyphoid salmonella in the general population is estimated 
at 12 percent and appears to be increasing. The carrier state should be investigated and eradicated before 
open heart surgery is performed to eliminate the danger of septicemia, which developed in this 7 year old 
boy after repair of a ventricular septal defect and aortic insufficiency. Rectal swabs of persons at risk would 
identify most carriers, and sodium ampicillin is the drug of choice for this condition. 


Continued on page A19 
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RECEPTORS (ALPHA AND BETA), AND THE PHARMA- 


| COLOGY OF THIS DRUG. 
pL 
~ INDICATIONS: 


- Cardiac Arrhythmias 
- 1 Supraventricular arrhythmias 

a) Paroxysmal atrial tachycardias, particularly those arrhythmias 
a induced by catecholamines or digitalis or associated with the 


| Wolff-Parkinson-White syndrome. (See W-P-W under 
WARNINGS.) - 


b) Persistent sinus tachycardia which is non-compensatory and 
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- — - May be used with, but not in place of, specific therapy. (See 
.. Thyrotoxicosis under WARNINGS. 

-.. d) Persistent atrial extrasystoles which impair the well-being 
~ . efthe patient and do not respond to conventional measures. 


e) Atrial flutter and fibrillation when ventricular rate cannot be 
- . eontrolledbydigitalis alone, or when digitalis is contraindicated. 
- 2. Ventricular tachycardias 
M Ventricular arrhythmias do not respond to propranolol as predict- 
ed. ably as do the supraventricular arrhythmias. 
- a) Ventricular tachycardias 
~- . With the exception of those induced by catecholamines or 
2 digitalis, INDERAL is not the drug of first choice. In critical 
- —. Situations when cardioversion technics or other drugs are not 
——  - indicated or are not effective, INDERAL may be considered. If, 
-. . fter consideration of the risks involved, INDERAL is used, it 
.  . should be given intravenously in low dosage and very slowly. 
(See DOSAGE AND ADMINISTRATION.) Care in the administra- 
— tion of INDERAL with constant electrocardiograpire monitoring 
 — 4s essential as the failing heart requires some sympathetic 
-drive for maintenance of myecardial tone. 
É b) Persistent premature ventricular extrasystoles which do not 
- .. respond to conventional measures and impair the well-being 
- . . of the patient. 
.. 9. Tachyarrhythmias of digitalis intoxication 
If digitalis-induced tachyarrhythmias persist following discon- 
tinuance of digitalis and correction of electrolyte abnormalities, 
they are usually reversible with ora/ INDERAL.Severe bradycardia 
may occur. (See OVERDOSAGE OR EXAGGERATED RESPONSE.) 
Intravenous propranolol hydrochloride is reserved for life- 
threatening arrhythmias. Temporary maintenance with oral 
therapy may be indicated. (See DOSAGE AND ADMINISTRATION.) 
4) Resistant tachyarrhythmias due to excessive catecholamine 
action during anesthesia. 
Tachyarrhythmias due to excessive catecholamine action curing 
anesthesia may sometimes arise because of release of endo- 
genous catecholamines or administration of catecnolamines. 
When usual measures fail in such arrhythmias, INDERAL may be 
given intravenously to abolish them. All general inhalation 
anesthetics produce some degree of myocardial depression. 
Therefore, when INDERAL is used to treat arrhythmias during 
anesthesia, it should be used with extreme caution anc constant 
ECG and central venous pressure monitoring. (See WARNINGS.) 
Hypertrophic Subaortic Stenosis 
INDERAL is useful in the management of hypertrophic subaortic 
stenosis, especially for treatment of exertional or other stress- 
induced angina, palpitations, and svncope. INDERAL also improves 
. exercise performance. The effectiveness of INDERAL in this disease 
. appears to be due to a reduction of the elevated outflow pressure 
gradient which is exacerbated by beta receptor stimulation. Clinical 
improvement may be temporary. 
Pheochromocytoma | 
After primary treatment with an alpha-adrenergic blocking agent 
has been instituted, INDERAL may be useful as adjunctive therapy if 
the control of tachycardia becomes necessary before or during 
- Surgery. 


ADA 


It is hazardous to use INDERAL unless alpha-adrenergic blocking 
drugs are already in use, since this would predispose to serious 
blood pressure elevation. Blocking only the peripheral dilator (beta) 
action of epinephrine leaves its constrictor (alpha) action unopposed. 

In the event of hemorrhage or shock, there is a disadvantage in 
having both beta and alpha blockade since the combination prevents 
the increase in heart rate and peripheral vasoconstriction needed 
to maintain blood pressure. 

With inoperable or metastatic pheochromocytoma, INDERAL may 
be useful as an adjunct to the management of symptoms due to 
excessive beta receptor stimulation. 

CONTRAINDICATIONS: INDERAL is contraincicated in: 1) bronchial 
asthma; 2) allergic rhinitis during the pollen season; 3) sinus 
bradycardia and greater than first degree block; 4) cardiogenic 
shock; 5) right ventricular failure seconcary to pulmonary hyperten- 
sion; 6) congestive heart failure (see WARNINGS) unless the failure 
is secondary to a tachyarrhythmia treatable with INDERAL; 7) in 
patients on adrenergic-augmenting psychotrapic drugs (including 
MAO inhibitors), and during the two week withdrawal period from 
such drugs. 

WARNINGS: CARDIAC FAILURE: Sympathetic stimulation is a vital 
component supporting circulatory function in congestive heart 
failure, and inhibition with beta-blockade always carries the poten- 
tial hazard of further depressing myocardial contractility and 
precipitating cardiac failure. INDERAL acts selectively without 
abolishing the inotropic action of digitalis on the heart muscle (/.&. 
that of supporting the strength of myocardial contractions). How- 
ever, the inotropic action of digitalis may be reduced by INDERAL's 
opposite inotropic effect. The effect of INDERAL and digitalis are 
additive in depressing AV conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued 
depression of the myocardium over a period of time can, in some 
cases, lead to cardiac failure. In rare instances, this has been 
observed during INDERAL therapy. Therefore, at the first sign or 
symptom of impending cardiac failure, patients should be fully 
digitalized, and the response observed closely: (a) if cardiac failure 
continues, INDERAL therapy must be immediately withdrawn; (b) if 
tachyarrhythmia is being controlled, patients should be main- 
tained on combined dosage and the patient closely followed until 
threat of cardiac failure is over. 

IN PATIENTS WITH THYROTOXICOSIS, possible celeterious effects 
from long term use have not been adequately appraised. Special 
consideration should be given to proprano!o!'s potential for aggra- 
vating congestive heart failure. Propranolc! may mask the clinical 
signs of continuing hyperthyroidism or complications and give a 
false impression of improvement. Propranolol does not distort 
thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several 
cases have been reported in which, after propranolol, the tachy- 
cardia was replaced by a severe bradycardia requiring a demand 
pacemaker. In one case this resulted after an initial dose of 5 mg. 
propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that require cate- 
cholamine release for maintenance of adequate cardiac function, 
beta blockade will impair the desired inotropic effect. Therefore, 
INDERAL should be titrated carefully when administered for 
arrhythmias occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade im- 
pairs the ability of the heart to respond tc reflex stimuli. For this 
reason, with the exception of pheochromocytoma, INDERAL should 
be withdrawn 48 hours prior to surgery, at which time all chemical 
amd physiologic effects are gone according to available evidence. 
However, in case of emergency surgery, since INDERAL is a competi- 
tive inhibitor of beta receptor agonists, its effects can be reversed 
by administration of such agents, e.g. isoproterenol or levarterenol. 
However, such patients may be subject to pratracted severe hypo- 
tension. Difficulty in restarting and maintaining the heart beat has 
also been reported. 

IN PATIENTS PRONE TO NONALLERGIC SRONCHOSPASM (2.9. 
CHRONIC BRONCHITIS, EMPHYSEMA), INDERAL should be admin- 
istered with caution since it may block bronchadilation produced by 
endogenous and exogenous catecholamine stimulation of beta 
receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of 
its beta-adrenergic blocking activity, INDERAL may prevent the 
appearance of premonitory signs and symptoms (pulse rate and 
pressure changes) of acute hypoglycemia. Especially important 
with labile diabetics. 

USE IN PREGNANCY: The safe use of INDERAL in human preg- 
nancy has not been established. Use of any drug in pregnancy or 
women of childbearing potential requires that the possible risk to 
mother and/or fetus be weighed against the expected therapeutic 


benefit. 

PRECAUTIONS: Patients receiving catecholamine depleting drugs 
such as reserpine should be closely observed if INDERAL is admin- 
istered. The added catecholamine blocking action of this drug may 
then produce an excessive reduction of the resting sympathetic 
nervous activity. Occasionally, the pharmacologic activity of INDERAL 


may produce hypotension and/or marked bradycardia resulting in 
vertigo, syncopal attacks, ororthostatic hypotension. 

When discontinuance of chronically administered INDERAL is 
planned, the dosage shoulc be gradually reduced over a period of 
several weeks and the petient should continue to be carefully 
monitored. There have been reports of myocardial infarction 
occurring in angina pectoris patients following abrupt discon- 
tinuation of INDERAL therapy. 

As with any new drug given over prolonged periods, laboratory 
parameters should be observed at regular intervals. The drug should 
be used with caution in patients with impaired renal or hepatic 
function. 

ADVERSE REACTIONS: Cardiovascular: bradycardia; congestive 
heart failure; intensification of AV block; hypotension; paresthesia 
of hands; arterial insufficiency, usually of the Raynaud type; 
thrombacytopenic purpura. 

Central Nervous System: lightheadedness; mental depression 
manifested by insomnia, lassitude, weakness, fatigue; reversible 
mental depression progressing to catatonia; visual disturbances; 
hallucinations; an acute reversible syndrome characterized by dis- 
orientation for time and place, short term memory loss, emotional 
lability, slightly clouded senscrium, and decreased performance on 
neuropsychometrics. 

Gastraintestinal: nausea, vomiting, epigastric distress, abdominal 
cramping, diarrhea, constipation 

Allergic: pharyngitis and agranulocytosis, erythematous rash, 
fever combined with aching and sore throat, laryngospasm and 
respiratory distress 

espiratory: bronchospasm 

Hematologic. agranulocytosis, nonthrombocytopenic purpura, 
thrombocytopenic purpura 

Miscekaneous. reversible alopecia 

Clinica! Laboratory Test Findings: Elevated blood urea levels in 
patients with severe heart disease, elevated serum transaminase, 
alkaline phosphatase, lactate dehydrogenase 
DOSAGE AND ADMINISTRATION: The oral route of administra- 
tion is preferred. E 
ORAL 


ARRHYTHMIAS—10-30 mg. three or four times daily, before 
meals and at bedtime. 

HYPERTROPHIC SUBAORTIC STENOSIS— 20-40 mg. three or 
four times daily, before meals and at bedtime. | 

PHEOCHROMOCYTOMA — Preaperatively—60 mg. daily in 
divided doses for three days prier to surgery, concomitantly with an 
alpha-adrenergic blocking agent. f 
—Management of inoperable tumor— 30 mg. daily in divided doses. 
PEDIATRIC DOSAGE 

At this time the data on the use of the drug in this age group are 
too limited to permit adequate directions for use. 

INTRAVENOUS 

Intraveneus administration 's reserved for life-threatening 
arrhythmias or those occurring under anesthesia. The usual dose is 
from 1 to 3 mg. administered under careful monitoring, &.g. 
electrocardiographic, central venous pressure. The rate of admln- 
istration sheuld not exceed 1 mg. (1 cc.) per minute to diminish the- 
possibility af lowering blood pressure and causing cardiac stand- 
still. Sufficient time should be allowed for the drug to reach the site 
of action evan when a slow circulation is present. If necessary, a 
second dose may be given after two minutes. Thereafter, additional 
drug should not be given in less than four hours. Additional 
INDERAL sheuld not be given when the desired alteration in rate 
and/or rhythm is achieved. 

Transference to oral therapy should be made as soon as possible. 
OVERDOSAGE OR EXAGGERATED RESPONSE: IN THE EVENT 
OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING 
MEASURES SHOULD BE EMPLOYED: BRADYCARDIA—ADMIN- 
ISTER ATROPINE (0.25 to 1.0 me.): IF THERE IS NO RESPONSE 
TOVAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 

CARDIAC FAILURE — DIGITALIZATION AND DIURETICS HSS 

HYPOTENSION— VASOPRESSOFS, e.g. LEVARTERENOL OR 
EPINEPHRINE (THERE IS EVIDENCE THAT EPINEPHRINE IS THE © 
DRUG OF CHOICE.) D 

BRONCHUSPASM -AMING TES pe 
PHYLLINE. 

HOW SUPPLIED: INDERAL (propranolol hydrochloride) TABLETS . 
No. 461 — Each tablet contains 10 mo. of propranolol hydrochloride, 
in bottles of 100 and 1,000. | 

No. 464 — Each tablet contains 40 mg. of propranolol hydrochloride, 
in bottles of 100 and 1,000. | 
INJECTABLE Wo. 3285—Each cc. contains 1 mg. of propranolol - 
hydrochloride in Water for Injection. The pH js adjusted with citric 
acid. Supplied as: cc. ampuls in boxes of 10. 


AYERST LABORATORIES 
New York. N.Y. 10017 
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N ECG 
ANALYSIS SYSTEMS 


MUSE, the Marquette Universal System for Electrocardiography, 
provides your hospital with the capability of automating ECG 
readings through the use of a compact digital computer. MUSE 
offers the most technologically advanced programs in ECG com- 
puter analysis, including the new Smith Mayo, IBM Bonner, Pip- 
berger VA and the latest U.P.H.S. version ECAN-E. Thisnewconcept 
can cost justify itself by any hospital processing as few as 500 
ECG's per month. The MUSE is a system of total program flexibility, 
simplicity of operation and protection against technological 
obsolescence. 


For a full color brochure on this comprehensive new system, 
write: Marquette Electronics, Inc., Suite 1212, P.O. Box 8039, 8200 
West Tower Avenue, Milwaukee, Wisconsin 53223. 


marquette 
electronics inc. 





LL NITROGLYCERINS START OUT POTENT. 


DELIBERATELY DEMANDING TEST 
NITROPRN STAYED POTENT LONGER. 


Patients may leave their nitroglycerin exposed. The open-dish method, a most 
Stability test, showed that Nitroprn retained its potency even under extreme exposure; 
thus protecting even careless patients.) 
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classic therapy \@ 
enhanced by innovations M 
of modern 
technology , 
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INTRODUCING 


A NEW LEVEL OF STABILITY 
IN NITROGLYCERIN TABLETS 


Minimal crumbling or powdering; controlled 
nitroglycerin volatility; yet disintegrates in vitro 





Color-coded tablets and labeled bottles 
for easier identification 


Costs only pennies more than other 


nitroglycerins 
10/0 


(nitroglycerin) sublingual tablets 
4m 0.6m 


0.3 mg 0 g , g 
(1/200 gr) (1/150 gr) (1/100 gr) 





»after 1 week Nitroprn could deliver 90% nitroglycerin; after 4 weeks, it could still deliver 76% nitroglycerin 
Method used: The semi-automated Content Uniformity Assay based on the procedure of Fusari, S.: J. Pharm. Bari cibi CD 
Sci. 62:122 (1973), with modifications by the Applied Analytical Research Laboratories of Warner-Lambert 


Morris Plains, 
Company. Data on file, Warner-Lambert Research Institute. EET New Jersey 07950 


LIVING 


The Medtronic 
Life-Support System 
makes it possible 
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A coordinated system providing continuous 
control of the pacemaker patient from 
pre-implant care to post-implant follow-up 


c 













STABILIZED PRIOR CONTROLLED DURING 
TO SURGERY with a IMPLANTATION by the 
Medtronic External Pacemaker. Medtronic Pacing System Analyzer. 


" i r : | > en 
PACED by a Medtronic FOLLOWED AFTER 
pulse generator and lead. IMPLANTATION with the 


Medtronic TeleTrace™ Telephone 
EKG System or by the Medtronic 
Pacemaker Pulse Monitor. 


THE PACEMAKER 
GIVES YOU MORE THAN JUST A PACEMAKER 


Originally, when Medtronic pioneered the development of pacemaker 
technology, there was only the pacemaker. Today, there is more. 
Much more. Today, the pulse generator is only one part of a total 
life-support system. It's the sort of system that can assure your patient 
optimum performance from the implanted unit plus the benefits of a 
fuller, more complete life. 

Medtronic provides you with a variety of well-integrated equipment. 
Equipment designed to be part of a total life-support system. Equipment 
that gives you continuity in the close control of your pacemaker patients. 
The innovative thinking that led to the development of such a total 
life-support system is just one of the many reasons why Medtronic is 
the pacemaker in pacemaking. 

Medtronic representatives are strategically located throughout the 
world. For more complete product information contact the 
representative nearest you. 





Ad Mectronic 


THE PACEMAKER 
IN PACEMAKING 


Why do the majority of ICU/CCUS 
dep 





Aggressive 
idhesive and the gel ~ 


end on the American Long Term 
monitoring electrode system? 


Gel cup maintains a stable col- 

umn of electrolyte. Motion arti- 
i ea fact is reduced; adhesion loss 

due to gel squeeze out is elimi- 


nated. 


Gel pad is saturated with the 
proper amount and type of low 
impedance gel to deliver im- 

' mediate base line stability and 
continued high performance. 



























etainer cup previde up to ^99 
even days of reliable 
nonitoring. 







Open cell foam contributes to 
high levels of patient comfort. 


This is the system that has established 
new standards for high performance in 
long term ECG monitoring. 


Designed for single patient use, the 
self-adhering silver/silver chloride 
electrode is pregelled with the correct 
amount of proper electrolyte. Adhe- 
sion loss and electrolyte evaporation 
are virtually eliminated by the gel re- 
taining cup. The results: Immediate 
base line stability and better long term 
performance than any other electrode 
—reusable or disposable—is capable 
of delivering. 


Advanced caDitianc 
sign provide a low nà 
life system. 





Open cell foam complements the elec- 
trode’s mild gel formulation and low 
profile to enhance patient comfort. 
When used as directed, American’s 
Long Term Electrode provides from 
five to seven days of continuous, accu- 
rate monitoring . .. with no discomfort 
to the patient. 


This advanced electrode, used with the 
appropriate American leadwire and 
cable, is fully compatible with your 
present ECG equipment. 


A clinical trial will show you why the 
American Long Term Electrode system 
is the overwhelming choice of ICU/ 
CCU’s throughout the country. 


fe ion Ta 











ully shielded patient cables 
are available for most brands of 
ECG monitorirg equipment. 


Please contact your American Hospital 
Supply or NDM representative 

and ask for: 

« A demonstration of the system's 
benefits. 

« A no obligation clinical trial. Ameri- 
can will supply electrodes, leadwires 
and cables to adapt to your present 
monitoring equipment during the trial 
period. 

= A total inservice for your staff. 


" Information about our nationwide 
technical support program. 


on Manufactured in U.S.A. by NDM Corporation, Dayton, Ohio 45439 
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Antihypertensive 
action at the 
vasomotor centers 
in the brain“ 


"(Based on animal studies ) 


Please see last page of advertisement for a brief summary 
of the prescribing information including relationship of 
pharmacologic actions and antihypertensive effect. 





NOW... 

antihypertensive action 
at the brain rye Wo 
in the brain p, 


Catar res 


(clonidine Tablets of 0.1 and 0.2 mg 
hydrochloride) 





Effective in hypertension, 
mild to severe 


Mild and infrequent orthostatic hypotension 


Normal hemodynamic responses to exercise 
are unaffected 


Renal blood flow and glomerular filtration rate 
essentially unchanged 


Mild to moderate potency 


Central action: 


Whee es appears to lower blood 
through central alpha- 
adrene ergic stimuli 1, as shown 

' TOR 


Not a “depleter” 
Not a “blocker” 
Not an “inhibitor” 


Not a “false transmitter” 





atapres Man 
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new Catapres 


(clonidine hydrochloride) 





Effective in hypertension, 
mild to severe 


Catapres is distinguished by its brcad clinical usefulness 
in the treatment of hypertension. 


More than 600 major 
published papers: 


The extensive experimental and clinical work with Catapres 
has been reported in hundreds of papers published in 
scientific journals in this country and abroad. Controlled 
studies'" plus numerous other clinical evaluations have 
demonstrated that Catapres is an effective antihyper- 
tensive drug with these desirable properties: 


does not alter normal hemodynamic responses to exercise 


renal blood flow and glomerular filtration rate essentially 
unchanged 


antihypertensive response enhanced by diuretics such as 
chlorthalidone 


compatible with other antihypertensive agents 


has been shown to reduce plasma renin activity and to 


decrease excretion of aldosterone and catecholamines 
(See ACTIONS section of Brief Summary) 


What to watch for— The principal side effects of Catapres are dry 
mouth, sedation, and drowsiness. Constipation, dizziness, headache, 
and fatigue also have been reported. Generaily, these effects tend to 
diminish with continued therapy. As with other antihypertensive agents, 
tolerance may develop in some instances. For a more detailed discus- 
sion of side effects, warnings, and precautions, see the brief summary 
of prescribing information on the last page of this advertisement or 
consult the Catapres package insert. 


*Complete Catapres bibliography available on request. 


Renal blood flow and 
glomerular filtration ratt 
essentially unchanged 


Normal hemodynamic 
responses to exercise 
not altered 


Mild and infrequent 
orthostatic effects 





Standing and supine blood pressure 
response at the conclusion of therapy in 
7 controlled studies'-7 
Control 
Supine 
Standing [an 
Systol 
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Study No.1 No.2 No.3 
No. of 
Pts. 9* 131 17* 411 121 o* 


"Received Catapres alone. 
TReceived Catapres + a diuretic. 


Note: In study No.4, blood pressure was taken in the 
sitting rather than the supine position. 
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Mean blood pressure reductions in 
9 hypertensive patients receiving 
Catapres (0.15 mg daily) for 4 weeks 


Systolic pressure reduction 
(mm Hg) 


After | 
Standing | Exercise 


| 


Lying 


Diastolic pressure reduction 
(mm Hg) 


After 


Lying Standing | Exercise 
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Adapted from Elkeles et al. NR 








Renal hemodynamics before and 
after Catapres in 7 hypertensive 
patients. Mean blood pressure 
reductions were significant in 
both the supine position (from 155 
to 128 mm Hg) and the standing 
position (from 151 to 101 mm Hg). 


Supine =! 
Head-up tilting (45?) mmm 


Renal Blood Flow (ml/min) 








Before After 
646 
ils 606 (—6%) 
542 
512 (—696) 
Glomerular Filtration Rate (ml/min) 
Before After 
79 
72 (—995) 





Wi 59 (—12%) 


TTD ” Adapted from Onesti et a/.® 


lew from Boehringer Ingelheim 








loehringer Ingelheim 
cehringer Ingelheim Ltd. 
Imsford, New York 10523 





new Catapres 


(clonidine hydrochloride) 


It's easy to start with Catapres.The 
usual starting dose of Catapres is one 

0.1 mg tablet twice daily. Increments of 
0.1 to 0.2 mg per day (up to the maximum 
daily dose of 2.4 mg) may be made until 
the desired blood pressure response is 
achieved. 


How to stop Catapres.Reduce the dose 
gradually over two to four days to avoid a 
possible rapid rise in blood pressure and 
associated subjective symptoms such as 
nervousness, agitation, and headache. 
Patientson Catapres should be instructed 
not to discontinue therapy without con- 
sulting their physician. It has been dem- 
onstrated that a rapid rise in blood 
pressure, should it occur, can be re- 
versed by resumption of Catapres or by 
administration of intravenous 
phentolamine. 


Catapres® 
(clonidine hydrochloride) 
Tablets of 0.1 mg and 0.2 mg 


Actions: The mechanism of action appears to be cen- 
tral alpha-adrenergic stimulation as demonstrated in 
animal studies. This results in inhibition of bulbar sym- 
pathetic cardioaccelerator and sympathetic vasocon- 
strictor centers, thereby decreasing sympathetic outflow 
from the brain. Other studies in humans have provided 
evidence of a reduction in plasma renin activity and the 
excretion of aldosterone and catecholamines. The exact 
relationship between these pharmacologic actions of 
Catapres (clonidine hydrochloride) in humans and its 
antihypertensive effect has not been fully elucidated at 
this time. 


Indication: The drug is indicated in the treatment of 
hypertension. As an antihypertensive drug, Catapres 


(clonidine hydrochloride) is mild to moderate in potency. 


It may be employed in a general treatment program 
with a diuretic and/or other antihypertensive agents 
as needed for proper patient response. 


Warnings: Tolerance may develop in some patients 
necessitating a reevaluation of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in 
animals, and since information an possible adverse 
effects in pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended in women 
who are or may become pregnant unless the potential 
benefits outweigh the potential risk to mother and fetus. 
Usage in Children: No clinical experience is available 
"e use of Catapres (clonidine hydrochloride) in 
children. 


Precautions: When discontinuing Catapres (clonidine 
hydrochloride), reduce the dose gradually over 2 to 

4 days to avoid a possible rapid rise in blood pressure 
and associated subjective uic is such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without consulting 
their lbi Rare instances of hypertensive encepha- 
lopathy and death have been recorded after cessation 
of clonidine hydrochloride therapy. A causal relation- 
ship has not been established in these cases. It has 
been demonstrated that an excessive rise in blood pres- 
sure, should it occur, can be reversed by resumption 

of clonidine hydrochloride therapy or by intrave- 


nous phentolamine. Patiants who engage in poten- 
tially hazardous activities, such as operating machinery 
or driving, should be advised of the sedative effect. 
This drug may enhance the CNS-depressive effects of 
alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride 
should be used with caution in patients with severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Catapres (clonidine hydrochloride) 
should receive periodic eye examinations. While, 
excep: for some dryness of the eyes, no drug-related 
abnormal ophthalmologic findings have been recorded 
with Catapres (clonidina hydrochloride), in several 
studies the drug produced a dose-dependent increase 
in the incidence and severity of spontaneously occur- 
ring retinal degeneraticn in albino rats treated for 
6 morths or longer. 


Adverse Reactions: Tha most common reactions are 
dry mouth, drowsiness and sedation. Constipation, 
dizziress, headache, and fatigue have been reported. 
Generally these effects tend to diminish with continued 
therapy. The following reactions have been associated 
with the drug, some of them rarely. (In some instances 
an exact causal relationship has not been astablished.) 
These include: Anorexia, malaise, nausea, vomiting, 
parotid pain, mild transient abnormalities in liver func- 
tion tests; one report of possible drug-induced hepa- 
titis without icterus and li dedii die in a patient 
receiving clonidine hydrochloride, chlorthalidone, and 
papaverine hydrochloride. Weight gain, transient eleva- 
tion of blood glucose, or serum creatine phosphokinase; 
congestive heart failure, Raynaud's phenomenon; vivid 
dreams or nightmares, insomnia, other be^avioral 

char ges, nervousness, restlessness, anxiety and mental 
depression. Also rash, angioneurotic edema, hives, 
urticaria, thinning of the hair, pruritus not associated 
with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the 
eyes, dryness of the nasal mucosa, pallor, gyneco- 
mastia, weakly positive Coombs’ test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 
Overdosage: Profound hypotension, weakness, somno- 
lence, diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres (clonidine 
hydrochloride) by several children from 19 months to 

5 years of age. Gastric lavage and administration of an 
ana: eptic and vasopressor led to complete recove 
within 24 hours. Tolazoline in intravenous doses o 

10 mg at 30-minute intervals nouae abolishes all ef- 
fects of Catapres (clonidine hydrochloride) overdosage. 


How Supplied: Catapres, brand of clonidine hydro- 
chleride, is available as 0.1 mg (tan) and 0.2 mg 
(orange) oval, single-scored tablets in bottles of 100. 
For complete details, please see full prescribing 
information. 
Under license from Boehringer Ingelheim GmbH 


References: 1. Elkeles, R. S., Goldby, F. S. and Oliver, 
D. O.: A Double Blind Study of Catapres A New Hypo- 
tensive Agent, in Conolly, M. E. (ed.): Catapres in 
Hypertension, London, Butterworths, 1970, pp. 139-144. 
2 Freis, E. D.: Data cn file at Boehringer Ingelheim Ltd. 
3. Hickler, R. B.: Data on file at Boehringer Ingelheim 
Ltd. 4. Mroczek, W. J., Leibel, B. A. and Finnerty, F. A., 
Jr.: Comparison of clonidine and methyldopa in hyper- 
tersive patients receiving a diuretic, Am. J. Cardiol. 
29:712, 1972. 5. Putzeys, M. R. and Hoooler, S. W.: . 
Comparison of clonidine and methyldopa on blood pres- 
sure and side effects in hypertensive patients, Am. 
Heart J. 83:464, 1972. 6. MacDonald, R. H. and Shapiro, 
A.: Data on file at Boehringer Ingelheim Ltd. 7. Kirken- 
dall, W. M., Toubes, D. B. et al.: Hypertensive effects of 
clonidine and chlorthalidone, Am. HeartJ. 82:312, 1971. 
8. Onesti, G. et al.: Pharmacodynamic effects of a new 
antihypertensive drug, Catapres (ST-155), Circulation 
39:219, 1969. 
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Quinaglute* Dura-Tabs* (quinidine gluconate) 


* produces sustained serum quinidine levels, thus 
providing a convenient 8 or 12 hour dosage schedule 


* usually insures uninterrupted therapeutic quinidine 


gluconate levels during sleep 
è avoids peaks and valleys In plasma levels during 
which time the arrhythmias mav recur 


* maintains normal sinus rhythm following conversion 


by other techniques 
* well tolerated to enhance patient cooperation — 
few G.I. disturbances 


Contraindications: Quinaglute Dura-Tabs are contraindicated in patients 


With partial A-V or complete heart block, or intraventricular conduction 


defects, especially those exhibiting a marked grade of QRS widening; 
in patients manifesting idiosyncrasy or sensitivity to quinidine (e.g. 
febrile reactions, skin eruptions, thrombocytopenia, etc.), in patients 
with renal disease resulting in significant azotemia, or those developing 
cardiotoxic effects such as conduction defects; ventricular premature 
beats, ventricular tachycardia or flutter while on the drug. It may be 
contraindicated in certain patients who have marked cardiac enlarge- 
ment, particularly with congestive failure, poor renal function, and 
especially renal tubular acidosis. 

Precautions: The precautions to be observed include all those applicable 
to quinidine. A preliminary test dose of a single tablet of quinidine 
sulfate should be administered to determine if the patient has an idio- 
syncrasy to quinidine. Hypersensitivity to quinidine, although rare, 
should constantly be considered; especially during the first weeks of 
therapy. 

Signs of idiosyncrasy include febrile reactions, skin eruptions, throm- 
bocytopenic purpura, and respiratory embarrassment. Extreme caution 
should be exercised in using the drug in patients with severe heart 
disease and congestive heart failure, with digitalis intoxication, or renal 
insufficiency. It should be administered cautiously, if at all, to senile 
patients. Hospitalization for close clinical observations, electrocardio- 
graphic monitoring, and possibly plasma quinidine levels, is indicated 
when large doses are used, or with patients who present an increased 
risk. 

As with al! quinidine preparations, the titrating of the exact quinidine 
dosage will vary with each individual patient. With the dosage regimen 
of 2 tablets every 8 hours, higher blood levels than necessary for main- 
tenance of normal sinus rhythm could be reached, whereas with 1 tablet 
every 12 hours, the blood levels may be too low to maintain normal 
sinus rhythm. 

As with other quinidine products, Quinaglute Dura-Tabs should not 

be used during pregnancy. 
Adverse Reactions: The patient should be advised to report immediately 
to the physician any symptoms of cinchonism (including tinnitus, de- 
creased auditory acuity, vertigo, blurred vision, color perception dis- 
turbances, photophobia, diplopia, night blindness, scotomata, reduced 
visual fields, mydriasis and respiratory distress). 

Where such symptoms develop, or if evidence of hypotension appears, 
the drug should be discontinued. Gastrointestinal disturbances have only 
rarely been reported. If they occur, they may be minimized by admin- 
istering the drug with food. If they persist, dosage should be decreased. 
Dosage: For the prevention of premature atrial, nodal or ventricular con- 
tractions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours. 

Before prescribing or administering, please refer to QUINAGLUTE full 
product information. 


Laboratories, Inc. 
Wayne, New Jersey 07470 
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<< metabolism and excretion of drugs. As pharmacokinetics takes its place 
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cardiovascular drug therapy. In addition, new knowledge of drug 
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With a foreword by Brian F. Hoffman, MD 
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|... this diagnostic technique. The contributors, 
-~ all recognized authorities in the field, are 
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approach to the procedure itself. 


US Edited by Onkar S. Narula, MD, Chief, 
_ Section of His Bundle Electrocardiography, 
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To distinguish between the responses to maximal exercise caused by 
cardiovascular disease and those caused by aging, the percent devia- 
tion of observed values of maximal pressure-rate products and maxi- 
mal heart rates from age-predicted values in healthy subjects were de- 
rived for 2,094 healthy middle-aged men and eight subgroups of 2,291 
ambulatory male patients. Highly significant differences in left ventricu- 
lar impairment and heart rate impairment were obtained. When left 
ventricular impairment is subtracted from functional aerobic impair- 
ment derived by nomogram from duration of multistage exercise using 
the Bruce protocol, the residual difference represents the peripheral 
circulatory impairment. Peripheral circulatory impairment was signifi- 
cantly increased in hypertensive patients and in patients with the com- 
bination of cardiac disease, angina pectoris and increased blood pres- 
sure. The significance of these findings is that impairment of circulato- 
ry delivery of oxygen can now be partitioned into left ventricular and 
peripheral components. The left ventricular component comprises the 
heart rate and a noninvasive measurement of systolic pressure at 
maximal exercise, where each is related to age-adjusted norma 
values. 


Since some effects of cardiovascular disease on the circulation are ad- 
ditive to those of aging,! it is important to examine the interaction of 
the two processes during exercise performance. This aspect was ob- 
viated in an early study because the method for appraising functional 
aerobic impairment included age adjustment of values for maximal 
oxygen uptake.? In this study we attempted to determine whether 
separation of the effects of disease from those of aging permits quan- 
titation of the major components of functional aerobic impairment— 
left ventricular impairment of pumping of oxygenated blood versus 
extraction of oxygen in the peripheral circulation— since these are 
major limitations of circulatory delivery of oxygen for aerobic metab- 
olism.? A more appropriate notation might be “functional left ven- 
tricular impairment," referring to the degree of limitation, but in the 
interest of brevity this is designated “left ventricular impairment." 


Material and Methods 


To explore this question, we evaluated the data from a standardized multi- 
stage treadmill test performed to symptom-limited end points of maximal 
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exercise by ambulatory men enrolled in the Seattle Heart 
Watch Registry. The majority of the normal subjects in 
this program are healthy, asymptomatic supervisors and 
executives of the Boeing Company without clinical evidence 
of heart disease on screening examination; the remainder 
are men who undergo periodic physical examinations for 
health maintenance in the offices of their private physi- 
cians. Ambulatory patients are referred by more than 50 
participating physicians (cardiologists, internists and 
general practitioners). The exercise tests of healthy subjects 
and patients are performed in nine private offices, the 
Cardiopulmonary Research Institute rehabilitation facility 
and four teaching hospitals and clinics that currently make 
up the network organization of the Seattle Heart Watch. 
Data are recorded on printed forms, and analog electrocar- 
diographic signals are transmitted by dataphone to the 
University Hospital, Seattle for computer averaging, analy- 
sis and interpretation, as described elsewhere.* Classifica- 
tion of patients according to disease categories is deter- 
mined by each examining physician on the basis of data 
obtained from the history, physical examination, chest 
X-ray film (if available) and resting 12 lead electrocardio- 
gram and entered into a computer registry. The physical 
characteristics and mean responses to maximal exercise of 
2,094 healthy men and 2,291 male patients with cardio- 
vascular disease are listed according to clinical diagnostic 
categories in Table I. 

Treadmill exercise was performed without interruption 
and with progressive increments in gradient and speed of 
walking every 3 minutes to individually determined limits 
of maximal performance. The duration of testing was de- 
fined in seconds from the start of exercise. Maximal oxygen 
uptake (VOomax), weight-adjusted, was estimated from the 
regression equation for this particular testing protocol, 
which equals 3.88 + 0.056 (duration in seconds), as de- 
scribed previously.? Heart rates were recorded from the 
precordial electrocardiographic lead at each period of ob- 
servation and blood pressures determined by auscultation 
of Korotkoff sounds using standard clinical sphygmoma- 
nometers. l 

The relations of estimated VOomax, maximal pressure- 
rate product and maximal heart rate* responses to the 
multistage treadmill test of maximal exercise were ex- 
pressed by regression equations for asymptomatic healthy 
men to provide age-adjusted average normal values for 
each patient. Because the pressurė-rate product is highly 
correlated with myocardial oxygen uptake,5® its value at 
maximal exercise provides a noninvasive estimate of the 
limits of left ventricular function. Accordingly, left ventric- 
ular impairment (LVI)t was calculated as a percent devia- 
tion between observed and predicted values of maximal 
systolic pressure/100 X maximal heart rate (SPR,,,,): 


LVI (96) = 
Predicted SPR,,, — Observed SPR,,, 
D. virei idi alus ^ RENE thant uada Mosel — x 100 
Predicted SPR,,,, 


* Previously reported* means and standards deviations of cor- 
rected values for maximal heart rates for eight subgroups are as fol- 
lows: Healthy 181 + 11; HT 173 + 17; PMI 157 + 19; AP 148 + 25; 
PMI and AP 144 + 23; PMI, AP and HT 145 + 24 HT; and AP 148 + 
23; HT and PMI 155 + 14 (abbreviations as in Table |). 


T Not to be confused with /eft ventricular ischemia. The term left 
ventricular impairment is used here as a component of functional 
aerobic impairment. 


VENTRICULAR FUNCTION WITH MAXIMAL EXERCISE—BRUCE ET AL. 


Similarly, estimates of heart rate impairment (HRI) based - 
on maximal heart rates (HR,44,) were also derived for each 
subject. 


HRI (%) = 
Predicted HR,,,, — Observed HR max 
ee ee x 100 
Predicted HR 


max 


The difference between functional aerobic impairment and 
left ventricular impairment represents the peripheral com- 
ponent, which is designated peripheral circulatory impair- 
ment (PCI). Mean values of left ventricular impairment, 
heart rate impairment and peripheral circulatory impair- 
ment in hypertensive men and in several groups of normo- 
tensive and hypertensive patients with coronary heart dis- 
ease were compared by unpaired t test with values for 
healthy men. 


Results 


Effects of cardiovascular disease versus aging: 
Regressions of estimated, weight-adjusted maximal 
oxygen uptake on age for healthy men and for three 
major clinical groups are shown in Figure 1 and Table 
II. Normal men had the expected decrease in esti- 
mated VOomax with age, whereas men with hyper- 
tension had a greater decrease, suggesting a cumula- 
tive effect of excessive pressure afterload on the left 
ventricle. Those with coronary heart disease had a 
greater reduction at all ages, indicating myocardial 
impairment. 

Similar trends were apparent in regressions of 
pressure-rate product at maximal exercise with age. 
The low correlation coefficients, when expressed as 
r?°, indicated that in normal subjects only 1 percent 
of the observed variation in this parameter could be 
attributed to aging, whereas in patients with cardio- 
vascular disease aging accounted for about 5 percent 
of the variation. Stated differently, there is hardly 
any interaction between pressure-rate product and 
aging in healthy men, but a small amount in patients 
with cardiovascular disease. Since there are highly 
significant differences between these regression 
equations, it is desirable to separate the effects of 
cardiovascular disease from those of age when assess- 
ing the magnitude of the ventricular component of 
functional aerobic impairment. Patients with both 
hypertension and coronary heart disease manifested 
slightly less reduction in estimated VOsmax than 
normotensive patients with coronary heart disease 
alone; this finding suggests that the former group has 
a minor advantage with respect to diastolic perfusion 
of stenotic coronary arteries. 

Appraisal of components of functional aerobic 
impairment: Variations in impairment of left ven- 
tricular function, heart rate and peripheral circula- 
tion in relation to various clinical diagnoses are 
shown in Figures 2 to 4. There was no apparent im- 
pairment of either left ventricular function or heart 
rate in healthy men, but considerable impairment 
was evident in the patients with coronary heart dis- 
ease. In the absence of heart disease, hypertension 
was associated with only minor impairment in heart 
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TABLE III 
Correlates of Left Ventricular Impairment (LVI)* 


Prevalence Rate 


LVI <—13% LVI >13% Contingency 
(%) (%) Coefficient 
Cardiomegaly 4.3 72.8 0.125 
Atrial gallop 4.1 73.3 0.227 
Ventricular gallop 1.4 81.4 0.095 
Heart failure 1.5 75.7 0.141 
Ventricular arrhythmia 4.3 63.9 0.124 
Clinical CV diagnosis 5.4 63.4 0.431 
HT 22.5 20.8 
.. CHD 1.6 76.4 
HT, CHD 4.9 65.3 
Prior cardiac arrest 0 90.0 
Clinical appraisal of 
heart disease 10.3 38.1 0.392 
Inapparent 14.9 15.4 
Possible 13.0 36.3 
Probable 3.5 65.1 
Definite 1.9 79.0 
Exertional arrhythmia 11.8 39.0 2 
Postexertional S-T 14.9 48.7 0.075 
depression 
, Exertional symptoms 10.4 38.7 0.225 
Exertional chest pain 1.9 81.1 0.283 
Exertional hypotension 0.7 97.0 0:470 
Exertional HT 
A « 25 mm Hg 0.8 89.6 
A  25-74mm Hg 6.1 13/3 
— 4 2 75 mm Hg 38.1 3.4 + 
Risk assessment 9.9 41.5 0.435 
Unlikely 12.8 23.1 
Questionable 12.8 68.4 
Likely 0.8 93.4 sighs 
FAI > 20% 2.0 H.1 0.352 
Cardiovascular prog- 9.9 41.5 0.399 
nostic index 


_ *Mean + 1 standard deviation of LVI in healthy men equals 
0 2- 13%. 

= CHD = coronary heart disease; CV = cardiovascular; FA! = 
functional aerobic impairment; HT = hypertension. 


resting level, and in another 129 of 133 men (97 per- 
cent) whose systolic pressure dropped below the rest- 
ing level. On exercise testing these patients typically 
experienced chest pain and had a “questionable” or 
“likely” risk assessment and abnormal functional 
aerobic impairment values. 


Discussion 


Normally, the capacity for maximal exercise is 
greater in men than in women and in physically ac- 
tive than in sedentary persons, and it is progressively 
reduced in all adults with advancing years of age.^-!? 
When this capacity is evaluated in terms of maximal 
oxygen uptake (VOsmax) and adjusted for body 
weight, the rising values apparent with growth and 
development in childhood disappear and weight-ad- 
justed values decline almost uniformly over all dec- 
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ades of age.!? Longitudinal measurements over a pe- 
riod of years in the same persons demonstrate even 
higher rates of decline than those observed in cross- 
sectional comparisons.!? Even greater differences are 
observed in ambulatory patients with cardiovascular 
disease. 11:13 

There are significant differences in functional ca- 
pacity and in these indexes of functional impairment 
in relation to various types of cardiovascular disease. 
Cross-sectional comparisons of the maximal exercise 
performance of ambulatory middle-aged persons 
show little impairment in patients with hypertension, 
but considerable impairment in those with coronary 
heart disease, whether clinically manifested by angi- 
na pectoris or by a history of prior myocardial infarc- 
tion, or both.4 Unexpectedly, a small number of hy- 
pertensive patients with either angina or infarction, 
but not both, exhibited somewhat less impairment in 
cross-sectional comparisons with normotensive pa- 
tients with coronary heart disease. Preliminary ap- 
praisal of subsequent mortality rates reveals parallel 
differences (unpublished observations of the Seattle 
Heart Watch, 1974). These observations suggested a 
possible beneficial role of moderate hypertension in 
the presencé of clinically significant coronary vascu- 
lar stenosis. In patients with increased blood pressure 
a greater pressure afterload is imposed on the left 
ventricle, which accentuates the rate of change in 
Vosmax with age (Fig. 1). In contrast, in those with 
coronary heart disease but normal blood pressure 
Vosmax is greatly reduced at all ages, a finding con- 
sistent with greater myocardial impairment. Al- 
though adjustment of values for VOgmax for habitual 
physical activity status produces a statistically signif- 
icant difference in regression equations, the differ- 
ence in predicted values of maximal pressure-rate 
product and of maximal heart rate in relation to ac- 
tivity status is less than 1 percent; hence this correc- 
tion was disregarded. 

Pressure-rate product as a measure of left ven- 
tricular function: When normal reference standards 
are age-adjusted, the observed circulatory responses 
provide a noninvasive means of assessing the magni- 
tude of impairment in left ventricular function re- 
lated to cardiovascular disease. This simplified defi- 
nition disregards the systolic dimensions of the left 
ventricle, such as end-systolic volume, which may be 
diminished when wall thickness is increased by hy- 
pertrophy or the chamber is enlarged by dilatation. 
Thus, the magnitude of impairment of stroke vclume 
may be inaccurate. Nevertheless, when reliable, 
quantitative and noninvasive methods for assessing 
left ventricular volumes become available, these 
changes may also be considered in the definition and 
appraisal. It is nevertheless important to evaluate the 
accuracy of this simplified appraisal, which is based 
upon limits of heart rate and systolic blood pressure 
in response to multistage exercise testing in the up- 
right posture. One approach is to consider the hemo- 
dynamic data from the maximal exercise perfor- 
mance of 16 patients with coronary heart disease 
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studied with a similar multistage treadmill protocol. 
McDonough et al.!* recorded blood pressure with an 
indwelling arterial catheter and transducer rather 
than by clinical sphygmomanometry, as in our study. 
The average product of mean arterial pressure and 
heart rate/100 at maximal effort was 296. The corre- 
sponding value in eight normal men of similar age 
studied in the same manner was 347. For the 16 who 
underwent cardiac catheterization, the value for left 
ventricular impairment (based upon mean rather 
than systolic arterial pressure) would be 15 percent, 
which is less than the average of 24 percent observed 
in our noninvasive study of 1,824 patients with coro- 
nary heart disease. 

Changes in pressure-rate product, which are highly 
correlated with myocardial oxygen uptake,’ are inde- 
pendent of the contractile state of the heart.9 This 
has been demonstrated in young normal men during 
exercise by beta adrenergic blockade with propranol- 
ol.9 Indeed, the dissociation of metabolic loads for 
the whole body and for the heart was emphasized by 
that intervention. Indirectly, this finding offers addi- 
tional support for derivation of peripheral circulatory 
impairment from the difference between functional 
aerobic impairment and left ventricular impairment, 
as defined in this study. 

In some instances, patients with cardiac disease 
and only minimal to moderate functional aerobic im- 
pairment had negative values for left ventricular im- 
pairment. In the experience of the physicians in the 
Seattle Heart Watch this apparent disparity never 
resulted from poor motivation to perform exercise in 
spite of normal cardiac function. More often, a nega- 
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tive value for left ventricular impairment represented | 
either excessive sympathetic activity or compensato- 4 
ry changes associated with cardiac hypertrophy or. 
enlargement (in the absence of congestive failure) 
that contributed to higher than average maximal - 
values for heart rate and blood pressure. Then, the 
change in blood pressure with exercise, together with - 
evidence of cardiomegaly by chest X-ray examination - 
or of left ventricular hypertrophy and strain based ong 
the resting electrocardiogram permit evaluation of. 
the role of these factors. 

Clinical implications: Our findings demonstrate 
that only three noninvasive measurements are re- 
quired to appraise the magnitude of both total car- 
diovascular functional impairment and its ventricu-. 
lar and peripheral components in ambulatory pa-. 
tients with cardiovascular disease. First, the observed. 
duration of exercise (in seconds) can be transformed | 
with the aid of a nomogram into functional aerobic 
impairment when this specific exercise testing proto- 
col is used. Next, the magnitude of left ventri 
impairment and of heart rate impairment can be as- 
sessed from determinations of systolic pressure (by. 
clinical sphygmomanometry) and of heart rate at 
maximal exercise. Finally, the residual difference be- 
tween whole body performance and ventricular func- 
tion represents the peripheral component of func- 
tional aerobic impairment. Details about methods, 
aerobic requirements of submaximal work loads, ap- - 
praisal of functional aerobic impairment? and pre- 
cautions against hazards have been presented else- 
where, as has a report on the use of these methods 
in epidemiologic studies.!° A 
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The increased exercise capacity after physical training in patients with 
coronary artery disease has been attributed to improved oxygen sup- 
ply to the myocardium by way of increased collateral circulation or re- 
duction of myocardial oxygen consumption by extracardiac factors, or 
both. Fourteen patients aged 43 to 61 years (mean 51 years) with 50 
percent or greater obstruction in one, two or three vessels (three, six 
and five patients, respectively) underwent 13 months of physical train- 
ing. Clinical status was either stable or improved with training. Tread- 
mill exercise capacity, as measured by oxygen consumption, in- 
creased 25 percent from 21.9 + 4.8 (standard deviation) to 27.4 + 4.1 
ml/kg-min at heart rates of 154 + 17 and 156 + 12 beats/min, respec- 
tively. After training, new collateral vessels, apparently secondary to 
progression of the disease, were observed in 2 of 21 arteries signifi- 
cantly but not completely obstructed before training. These data are in 
contrast to those reported for trained dogs with incomplete obstruc- 
tion. Coronary arterial lesions progressed in only 4 of 14 patients. Cor- 
onary arteriographic data from this laboratory do not support the hy- 
pothesis that the increased exercise capacity after training in patients 
with coronary disease can be attributed to the development of collat- 
eral circulation. It is possible that physical training may retard the pro- 
gression of coronary artery disease. 


Several clinical and hemodynamic investigations!-? have shown that 
physical exercise programs can increase the exercise capacity of pa- 
tients with coronary artery disease. However, there is considerable 
controversy regarding the mechanisms by which this improvement is 
brought about. Clausen et al.?9 have hypothesized that physical 
training induces peripheral changes in skeletal muscle resulting in a 
decreased myocardial oxygen consumption secondary to a reduction 
in adrenergic efferent stimuli. Reductions in heart rate,!-^ systemic 
arterial pressure?‘ and cardiac output?^4 and increased arteriovenous 
oxygen difference* for a given submaximal work load after training 
are consistent with this hypothesis. On the other hand, higher values 
for tension-time index’ and triple product? (heart rate X blood pres- 
sure X systolic ejection period) determined at the onset of angina 
pectoris suggest an improvement in myocardial oxygen supply. This 
central effect could be the result of enhanced coronary collateral cir- 
culation. 

Increased collateral circulation with training, as measured by retro- 
grade flow distal to ligation of the circumflex arteries of dogs, was re- 
ported by Eckstein.? In man, the effects of training on the collateral 
circulation and the progression of coronary artery disease have not 
been systematically demonstrated. The purpose of this investigation 
was to determine if a 13 month supervised and quantified physical 
activity program would lead to demonstrated coronary arteriographic 
changes. 
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TABLE | E 
Clinical Data in 14 Patients EC 
Resting 3 
Blood Pressure Functional Previous Angina on Type of 
Case no. Age (yr) Height (cm) Weight (kg) (mm Hg) Group* Infarct Treadmill Hyperlipidemiat . - E 
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1 58 175 89 110/70 | 1965 d IV 4 
2 61 163 50 130/90 I ae + V di 
3 59 176 84 130/80 | 1968 IV i: A 
4 43 175 73 120/85 l 1968 1 A SA 
5 46 162 60 125/80 II 1966 + I e 
6 58 170 67 140/90 T 1967 + IV E 
7 58 170 64 170/100 | 1963 Normal 2 
8 45 160 62 110/80 | 1964 Pi: EL 
9 59 173 76 135/75 ! Normal A 
10 49 168 76 110/70 T e Il d 
11 52 172 72 140/90 Í + T - 
12 47 173 07 125/70 | IV 3 
13 50 168 68 130/90 | II ss 
14 43 168 76 140/100 | ite 
2 
* New York Heart Association criteria. a 
t Frederickson et al. Classification of lipoprotein abnormalities. e 


Material and Methods 


Patients: Coronary arteriography was performed in 24 


diologists. The arteriographic score of Friesinger et al.12 £d 
was used to correlate the severity of coronary disease with — 


men with angina pectoris or electrocardiographic signs of 
coronary insufficiency, or both. Seven had no or nonsignifi- 
cant coronary arterial obstruction. One patient was imme- 
diately referred for aortocoronary bypass surgery, and two 
patients, citing business commitments, discontinued train- 
ing after 4 weeks; one of these patients died of myocardial 
infarction 5 weeks later. The remaining 14 patients partici- 
pating in this study are described in Tables I and II. Age 
ranged from 43 to 61 years (mean 51 years). Seven patients 
had documented myocardial infarction at least 2 years be- 
fore the investigation. Clinical angina pectoris was found in 
seven patients and noted in four during treadmill exercise. 
Abnormalities on ventricular angiograms were noted in 
seven patients. Significant obstruction (50 percent or 
greater luminal narrowing) of one, two and three vessels 
was found in three, six and five patients, respectively. This 
distribution is similar to that of the average population of 
patients undergoing coronary arteriography at this institu- 
tion. 
Coronary arteriography: Selective coronary arteriog- 
raphy with all three major vessels visualized in multiple 
projections was performed utilizing a 6 inch X-ray image 
intensifier system and recording on 35 mm film at 60 
frames/sec. Radiographic, cinephotographic and processing 
techniques were constant throughout the study. Catheter- 
ization was accomplished by a retrograde percutaneous 
femoral technique!! with subjects in the fasting state after 
premedication with meperidine (50 mg), chlorprometha- 
zine (25 mg) and atropine (0.4 mg). All angiograms ob- 
tained before and after training were evaluated by one ra- 
diologist without prior knowledge of the clinical status or 
exercise capacity data of the patients. The sequence of all 
28 coronary angiograms was randomized. Some pre- and 
post-training angiograms were subsequently paired for re- 
view to clarify discordant data, but this procedure did not 
alter the findings on new collateral vessels or progression of 
disease. The randomized evaluations were substantially in 
agreement with those performed routinely by a team of ra- 


Treadmill exercise capacity: The patients visited the is 


exercise physiology laboratory once before the investiga- 


tion to become accustomed to treadmill walking and labo- 
ratory procedures. Thereafter, exercise capacity was deter- : 
mined before and after 10, 22 and 56 weeks of physical : 


training by means of a modification of the Balke multistage 
treadmill techinique.! A warm-up walk of 2 minutes at 2 to 


3 miles/hour was followed by a 3 minute rest period. The 4 


TABLE Il 


Angiographic Data 


Coronary Arteriogram* 
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Ventricular d 

Case no. Angiogram RCA Cx LAD 3 
1 Akinesis 1001 50 d 
2 Normal 951 5 "y 
3 Normal 50 1001 70 S 
4 Akinesis 75 95 50 E 
5 Hypokinesis 100+ 50 1001 D. 
6 Normal x 75 80(95)+ a 
7 Akinesis 70 Pu 951001 —— 
8 Akinesis 1001 50 50 E 
9 Hypokinesis 1001 70 50 a : 
10 Normal 80 70(80) E 
11 Hypokinesis  100ł p 3 
12 Normal 50(70) E 80 A 
13 Normal 1001 1001 P. 
14 70 = 


ae 


* Obstructions (percent) for pre-training arteriograms. Post- . 


training values are given in parentheses for lesions progressing 
in severity. 

T Presence of collateral circulation to that artery. 

Cx — circumflex artery; LAD — left anterior descending artery; 
R — right coronary artery. 
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TABLE Hl 


Ti readmill Exercise Capacity in 14 Patients Before, purs and After 13 Months' Training 


E 





























: Before 10 Weeks 22 Weeks 56 Weeks 
i 3 _ Submaximal* 
0, consumption 17.4 + 3.6 18.7 + 3.3. 23.2 + 5.1 23.1+ 4.1 
(ml/kg-min) 
NS NS 

P « 0.001 
- — . Heart rate 140 + 13 141 + 13 139 + 14 140 + 14 
| (beats/min) NS 

Maximal* 

u O: consumption 21.9+ 4.8 26.2 :E- 5.6 VA ee 4.1 
a (ml/kg-min) t 
; P < 0.001 
- . Heart rate i 154 + 17 151 + 18 156 + 12 
T (beats/min) | 
if NS 


- + Maximal effort not performed. 


NS = not significant. 
E i 


patient then walked at 3 miles per hour, 0 grade, for 3 min- 
‘utes with subsequent grade elevations of 2.5 percent every 
3 minutes. Three patients who were initially unable to 
"walk at 3 miles/hour were evaluated during exercise per- 
iformed at 2 miles/hour with grade increments of 3.5 per- 
cent. Oxygen consumption was continuously determined by 
„an open circuit method. A bipolar lead (CRs) electrocardio- 
-gram was recorded at the end of each minute and moni- 
tored continuously by oscilloscope. Exercise capacity was 
"determined using both submaximal and maximal criteria. 
Submaximal exercise capacity was considered the value for 
“oxygen consumption (ml/kg-min) during the minute in 
"which the patient's heart rate was equal to 85 percent of 
the age-predicted maximal heart rate or the heart rate that 
corresponded to the onset of progressively severe angina 
during the pre- training treadmill evaluation. A symptom- 
limited maximal exercise capacity corresponding to the 
highest level of oxygen consumption obtained when the pa- 
tient walked to voluntary exhaustion or to the onset of se- 
vere angina was also determined, but only for the evalua- 
tions after 10, 22 and 56 weeks of training. 

- Biochemical determinations: Fasting blood samples 
were collected from a superficial arm vein. Total serum 
‘cholesterol and triglycerides as well as serum lipoproteins 
were determined as previously described. '.!? 

— Training program: The training program began in Jan- 
uary 1971 and consisted of three 1 hour gymnasium ses- 
sions a week in which two periods of walking were sepa- 
rated by an interval of rest and the playing of low intensity 
games. The average attendance was 68 + 16 percent (stan- 
dard deviation) of the scheduled sessions. Throughout the 
training program the mean walking speed and distance per 
session were gradually increased from 2.7 to 4.2 miles/hour 
and from 1 to 3 miles, respectively. The mean pulse rate 
immediately after walking was increased from 97 beats/min 
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- * See text for description of criteria for submaximal and maximal values. 


during the first 2 weeks to approximately 125 beats/min 
after 16 weeks. The average total distance walked in 13 
months was 219 + 63 miles. 


Results 


Exercise capacity: Increased exercise capacity 
was observed in all 14 patients. Oxygen consumption 
determined at a fixed submaximal heart rate (equiva- 
lent to 140 beats/min) increased significantly (P 
< 0.001) with training from 17.4 to 23.1 ml/kg-min 
(Table III). This 33 percent improvement occurred 
between the 10th and the 22nd weeks of training and 
was maintained throughout the remainder of the pro- 
gram. Similarly, the symptom-limited maximal cxy- 
gen consumption increased significantly (P «0.001) 
from the 10th to the 22nd week (Table III) with a 
total improvement of 5.5 ml/kg-mir (25 percent) by 
the end of the training period. No significant differ- 
ence was found for the mean maximal heart rates 
during the three evaluations. The increased exercise 
capacity was reflected in the improvement of the 
clinical status of the patients with angina, who were 
all asymptomatic after training. 

Coronary arteriography: After training, new col- 
lateral vessels were visualized in only 2 of the 21 arte- 
ries with 50 to 95 percent obstruction before training 
(Table II and IV). These collateral vessels were pres- 
ent in two patients and were associated with lesions 
progressing from 95 to 100 percent and from 80 to 95 
percent obstruction during the training period. Coro- 
nary artery disease progressed in two other patients 
who had no new collateral vessels, but the specific 
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obstructions in these patients did not exceed 80 per- 
cent after training. Whereas collateral vessels were 
visualized in all totally occluded arteries, none were 
visualized in arteries without significant obstruction. 

The ventricular angiograms disclosed no signifi- 
cant changes in ventricular function with training, as 
qualitatively evaluated by the radiologist or after cal- 
culation of ejection fractions by planimetry. A signifi- 
cant increase of 21 mg/100 ml in mean serum choles- 
terol, accompanied by significant decreases in body 
weight (2.3 kg) and serum triglyceride (70 mg/100 ml) 
with no change in subcutaneous fat thickness, were 
noted after training (Table V). 

Correlations between submaximal oxygen con- 
sumption (85 percent maximal heart rate or angina) 
and the arteriographic score for the severity of coro- 
nary disease were not significant (Table VI). Symp- 
tom-limited maximal oxygen consumption values at 
10 weeks of training and after training were signifi- 
cantly related to the arteriographic score (r = —0.85 
and —0.64, respectively). 


Discussion 


Exercise capacity: The improvement of symp- 
tom-limited maximal exercise capacity observed in 
this study is comparable to the 22 percent increase 
reported by Detry et al.^ for a group of patients with 
and without angina pectoris whose age, maximal 
heart rate and functional impairment were similar to 
those of our group. Use of the data on maximal exer- 
cise at 10 weeks of training to represent-pretraining 
exercise capacity is justified since there was no signif- 
icant increase in submaximal capacity at this time, 
probably because of the low intensity of training in 
the early weeks. The importance of a progressively 
intensive walking program for patients with coronary 
disease should not be minimized. It provides for con- 
trolled, easily monitored exercise with little likeli- 
hood of provoking orthopedic problems, and it 
creates an appropriate climate for socialization. A 
walking speed can easily be chosen to tax 70 to 80 
percent of the maximal capacity of most patients 
since the oxygen consumption during a fast walk of 
4.5 miles/hour averages 26 ml/kg-min.!4 

Coronary collateral circulation: A hypothesis 
drawn from Eckstein’s data? on dogs suggests that 
collateral circulation could be enhanced by exercise 
in man provided that the coronary arteries were par- 
tially obstructed before training.!? Our data from 21 
arteries with significant but not complete obstruction 
and without collateral vessels before training do not 
support this hypothesis. A species difference may ac- 
count for this discrepancy.!®!’ The appearance of 
new collateral vessels in two of our patients can prob- 
ably be ascribed to existing lesions progressing to 
complete or near complete occlusion. These data are 
in agreement with the results of Kattus and Groll- 
man,!6 who found enhanced collateral circulation in 
four of six patients with angina whose exercise capac- 
ity improved after training; in three of these four pa- 
tients, the severity of the obstruction increased after 
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TABLE IV 


Ratio of Collateral Vessels to Coronary Arteries According to 3 


Severity of Obstruction in 14 Patients Before and After Training - 


Obstruction (95) 
Training «50 >50 <70 270 <100 100 Total* 
Before 0/12 0/8 1/13 9/9 10/42 
After 0/12 0/7 2/13 10/10 12/42 


* Three major coronary arteries in 14 patients: total of 42 — 


arteries with possible obstruction. 


TABLE V 


Serum Lipid and Anthropometric Measurements in 14 Patients — 
Before and After 13 Months' Training* 
Before After P 
Cholesterol 233 4- 28 254 + 33 «0.025 
(mg/100 ml) (184-277) (205-320) 
Triglyceride 239 + 145 169 + 80 « 0.005 
(mg/100 ml) (94-631) (79-395) 
Weight 713.2 3: 11.0 70.9+ 11.2 «0.01 
(kg) (59.0-97.0) (53.1-95.0) 
Subcutaneous 40+ 14 37 + 14 NS 
fatt (mm) (20-66) (17-66) 


* Values expressed as mean + standard deviation, with range 
of values in parenthesis. 

+ Sum of skinfold thickness measured at triceps, subscapular, 
suprailiac and umbilical regions. 

NS = not significant; P = probability. 


TABLE VI 


Correlation* Between Treadmill 
Severity of Coronary Artery Disease; 





Submaximal 1 Maximal t 
Before training r= —0.28 r = —0.85$ 
(NS) (P < 0.005) 
After training r = —0.40 r = —0.64 
(NS) (P < 0.01) 





* Spearman rank correlation coefficient. 


tSeverity of coronary artery disease according to Friesinger 


et al.!! 


t See text for description of criteria for maximal and sub- H 


maximal capacity. 
$ Exercise capacity data obtained after 10 weeks' training. 


training. The most likely stimuli for development of 1 
collateral vessels are the severity and progression of . 


the obstructive disease itself. In our study collateral 
vessels were present in all completely occluded arte- 
ries. Repeat arteriographic evaluations by Bemis et 
al.18 indicated that collateral vessels developed only 


with an increase in severity of the local disease. In — 


addition, Kaplinsky et al.!? reported collateral vessel 
development in both trained and control dogs after 
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myocardial infarction was produced by complete oc- 
clusion of the left anterior descending artery, whereas 
Burt and Jackson?? found no difference between 
values for retrograde flow in the distal circumflex ar- 
tery in trained and untrained dogs without pretrain- 
ing occlusion. 

The functional significance of coronary collateral 
vessels is open to question. Patients with and without 
collateral vessels do not appear to differ with respect 
to left ventricular end-diastolic pressure or function- 
al state,?!?? exercise tolerance, angina threshold?’ or 
myocardial blood flow at rest???^ or during isopro- 
terenol infusion.?? However, less S-T segment de- 
pression during treadmill exercise and significantly 
greater myocardial blood flow have been found in pa- 
tients with “bridge collaterals” than in patients with 
or without intercoronary collateral vessels.?? In- 
creased retrograde blood flow distal to complete oc- 
clusions has been reported with increasing number 
and size of coronary collateral vessels.2° The preser- 


- vation of adequate left ventricular function at rest 


may be assured by the quality of collateral filling.?9.27 

Progression of coronary artery disease: There 
was a low rate of progression of coronary obstruction 
(4 of 14 patients) in our study although lipoprotein 


abnormalities were found in 9 of 11 patients in whom 


these determinations were made. Bemis et al.!? re- 
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ported progression of obstruction in 19 of 39 patients 
on repeat coronary arteriograms obtained within 17 
months; the presence of lipid abnormalities was sig- 
nificantly related to this progression. The difference 
between their findings and ours may be due to differ- 
ences in patient selection. 

The significance of increased serum cholesterol 
after training is not known, but this finding has been 
reported in another study.! The decreased triglycer- 
ide may be a transitory effect as a result of the last 
training sessions.?? 

Clinical implications: Evidence from this investi- 
gation suggests that the increased exercise capacity 
of patients with coronary disease who participate in a 
physical activity program is not secondary to en- 
hanced myocardial oxygen supply caused by develop- 
ment of collateral circulation. The improvement in 
exercise capacity, clinical status, “joie de vivre" and 
possible attenuation of the progression of the disease 
remain the principal reasons for recommending exer- 
cise as a form of treatment and rehabilitation. 
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A group of 1,390 asymptomatic men screened for latent coronary ar- 
tery disease by maximal treadmill testing and double Master two-step 
test were followed up for a mean of 6.3 years. Angina, sudden death or 
acute myocardial infarction was used as the end point for coronary 
heart disease. There were differences in testing sensitivity and speci- 
ficity among age and subject groups, but maximal treadmill testing out- 
performed the double Master test as a screening technique. Maximal 
treadmill testing demonstrated a 60.9 percent sensitivity, 92 percent 
specificity and a 20 percent probability that coronary artery disease 
would develop in a subject with an abnormal response. A risk ratio of 
14.3 was obtained and demonstrated that maximal treadmill testing 
was a valuable screening technique for latent coronary artery disease. 
However, limitations of the sensitivity and specificity of the functional 
S-T segment response were apparent. The abnormal S-T segment re- 
sponse to exercise testing did not absolutely predict the future presen- 
tation of coronary artery disease, and a normal response to maximal 
treadmill testing did not rule out this possibility. Because premature 
ventricular contractions demonstrated a very low sensitivity, predictive 
value and risk ratio they were not a practical indicator of increased 
risk for latent coronary artery disease except when associated with an 
abnormal S-T segment response. 


The development of techniques capable of identifying persons with 
latent coronary artery disease is important both for directing preven- 
tive efforts to these persons and for evaluating the condition of those 
whose sudden illness could compromise public safety.^? Studies?-? 
have demonstrated that submaximal exercise testing with postexer- 
cise electrocardiographic analysis can identify persons at high risk of 
coronary artery disease. However, these tests are not sensitive enough 
for general use in screening asymptomatic populations.? Maximal or 
near maximal exercise testing with exercise and postexercise electro- 
cardiographic analysis has been proposed as a more sensitive screen- 
ing tool, but experience with such tests in prospective epidemiologic 
studies has been limited.9-!! The value of this screening technique is 
also uncertain because recent coronary angiographic studies of 
asymptomatic men with S- T segment depression in response to maxi- 
mal treadmill testing have suggested that this functional response 
has a disappointing predictive value for anatomic coronary artery dis- 
ease.1?1? The purpose of this prospective epidemiologic study was to 
demonstrate the sensitivity, specificity and predictive value of maxi- 
mal treadmill testing in screening an asymptomatic population for la- 
tent coronary artery disease. 


Methods 


The subjects of this prospective study were asymptomatic aircrewmen re- 
ferred to the U. S. Air Force School of Aerospace Medicine for evaluation of 
maintenance of their flying status. Men evaluated from 1965 to 1969 were se- 


770 December 1974 The American Journal of CARDIOLOGY Volume 34 


y - wv 


EXERCISE TESTING FOR LATENT CORONARY DISEASE—FROELICHER ET AL. 


lected for follow-up. The following men were excluded: 
those with valvular heart disease, pericardial disorders, 
congenital heart disease, cardiomyopathy, bundle branch 
block, Wolff-Parkinson-White syndrome, left ventricular 
hypertrophy with strain or other significant resting repo- 
larization abnormalities, anemia or serum electrolyte ab- 
normalities, and those who required medications or had 
chronic symptoms of ischemic heart disease. In 1973, we 
were able to trace 1,390 men by utilizing current active 
duty rosters, retirement rosters, Veterans Administration 
records, death rosters and health questionnaires. The only 
men who could not be traced were those who left the Air 
Force without 20 years of duty or without a medical dis- 
charge. Autopsy reports and subsequent medical records 
were obtained whenever possible. End points for coronary 
artery disease were angina, acute myocardial infarction and 
sudden death. Abnormal coronary angiographic findings in 
asymptomatic men or autopsy findings of coronary artery 
disease in subjects who died of other causes were not used 
as end points. The follow-up period ranged from 4.1 to 8.4 
years (mean 6.3 years). 

During the evaluation, the following studies were per- 
formed in a standardized manner and well documented: 
medical history, physical examination, chest roentgeno- 
gram, blood chemistry profile, resting electrocardiogram 
and vectorcardiogram, Holter monitoring, double Master 
two-step test and maximal treadmill test. Maximal tread- 
mill testing was performed using a constant speed of 3.3 
miles/hour (90 meters/min) and an increasing incline of 1 
percent each minute.!^!^ A bipolar X lead (CC;) was 
formed by placing anodized silver-silver chloride fluid col- 
umn electrodes at the left and right anterior axillary lines 
in the fifth intercostal spaces. Meticulous skin preparation 
kept impedance levels to 5,000 ohms or less, as checked by 
an alternating current impedance meter. The X lead data 
were recorded during the control period with the subject 
supine and standing, then continuously during and after 
exercise. Routine preexercise hyperventilation was includ- 
ed in the protocol beginning in 1967. Conventional leads I, 
II, aVF, V2 and V; were recorded before exercise, at imme- 
diate recovery and 2, 5 and 8 minutes after exercise. Multi- 
channel high input impedance electrocardiographic record- 
ers with a frequency response of 0.15 to 100 hertz were uti- 
lized. A physician was in attendance to monitor both the 
subject's condition and his electrocardiogram. The test was 
not necessarily stopped if S-T segment depression or ar- 
rhythmias occurred. In the recovery period, electrocardio- 
graphic tracings were recorded with the subject supine for 
at least 8 minutes. All electrocardiographic tracings were 
microfilmed for later review after their initial interpreta- 
tion. Indirect cuff blood pressure measurements were ob- 
tained each minute throughout the procedure. 

After the records from their evaluation were carefully re- 
viewed, the men were placed into one of six groups accord- 
ing to the following order of precedence: 

Group I (ischemic heart disease): those with (1) a histo- 
ry of symptoms consistent with ischemic heart disease, or 
(2) development of significant Q waves on serial electrocar- 
diograms although they were asymptomatic at the time of 
evaluation, or (3) both criteria. 

Group II (nonspecific S- T segment changes): those with 
a serial change from a normal resting electrocardiogram to 
one showing minimal («0.05 mv) S-T segment depression 
that was not persistent and rarely present at the time of 
the original evaluation. 

Group III (nonspecific T wave changes): those with a 
serial change from a normal resting electrocardiogram to a 
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record obtained in the fasting state showing repolarization 


abnormalities consisting of low amplitude T waves and, 
rarely, flat or inverted T waves. 


Group IV (hypertension): those with untreated labile 


hypertension (3 days’ average blood pressure not exceeding 


140/90 mm Hg but with higher isolated pressures) or essen- _ 


tial hypertension (3 days’ average blood pressure exceeding 
140/90 mm Hg). 


Group V (normal): those referred for evaluation of pos- - 


sible minor medical, psychiatric, ophthalmologic, otolaryn- 
gologic, or flying problems who on routine examination, in- 
cluding history, physical examination, chest roentgenogram 
and resting electrocardiogram, were considered free of any 
cardiovascular abnormality. 

Group VI (special project): astronauts, test pilots and 
others referred for medical evaluation before entry into 
special projects who on routine examination were consid- 
ered free of any cardiovascular abnormality. 

As an example of the grouping precedence, if a man re- 
ferred for a medical evaluation before entry into a special 
project was found to have an abnormality by history or on 
physical examination or resting electrocardiogram, he was 
placed into the appropriate group of higher precedence. 

Definitions: The microfilm copies of the resting, exer- 
cise and postexercise electrocardiographic records of the 


TABLE I 
Morbidity and Mortality Secondary to Coronary Artery Disease 
During Follow-Up Period 


Clinical Presentation Men (no.) 





23 (7 with known abnormal angi- 
ograms, 4 treated with cor- 
onary bypass surgery) 

7 (1 patient died in the hospital) 


Classic angina 


Symptomatic myocardial 
infarction 
Sudden death 16 (10 with documented autopsy 
evidence of severe coronary 
artery disease) 


Total 46 


TABLE Il 
Number of Subjects in Groups I to VI and Their Ages 


Age (yr) 
Mean 
+ Standard 
Group no. Deviation Range 
| (IHD) 63 45.7+ 4.4 34-52 
I (NST) 94 42.7+ 7.0 25-52 
IH (NT) 186 41.4 4- 6.6 23-52 
IV (H) 123 39.9 4- 7.2 22-54 
V (N) 710 36.7 4- 8.1 20-53 
VI (SP) 214 31.14 2.4 25-42 
Total 1,390 37.6+ 8.0 20-54 


H — hypertension; IHD — ischemic heart disease; N — normal; 
NST — nonspecific S-T segment changes; NT — nonspecific T 
wave changes; SP — special project candidates. 
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TABLE Ill 
Definitions of Epidemiologic Terms 


Tap Ip ME a LAE T x ^t 
159 





Sensitivity — Lr x 100 
— All subjects in whom CAD developed 
TP 
Predictive value = ———— ————— —— — X 100 
“trending All subjects with abnormal test result h 
Specificity = ————— x 100 
DET epee 


Risk ratio — 


% Subjects with abnormal test resultin whom CAD ceveloped 


% Subjects with normal test result in whom CAD developed 





CAD = coronary artery disease; FP (false positives) = those with abnormal test results in whom CAD did not develop; predictive 
value = probability that CAD will develop, given an abnormal test result; TN (true negatives) = those with normal test results in 
whom CAD did not develop; TP (true positives) — those with abnormal test results in whom CAD developed. 


entire study group were simultaneously reread by two in- 
vestigators (VFF and CP). All borderline and abnormal 
records were coded by one investigator (VFF), who careful- 
ly noted the pattern and degree of S- T segment change and 
the leads involved. An abnormal response was considered 
0.1 mv or more of horizontal or downward sloping S-T seg- 
ment depression in relation to the P-R segment in bipolar 
lead X during or after treadmill exercise or in the conven- 
tional leads after treadmill exercise. Horizontal or down- 
ward sloping S-T segment depression of 0.05 to 0.09 and J 
junctional depression of 0.1 mv or more with an inadequate 
S-T segment slope (less than 1 mv/sec) were coded as “bor- 
derline" responses. Horizontal or downward sloping S-T 
segment depression of 0.05 mv or more in the conventional 
leads after the double Master test was interpreted as an ab- 
normal response. 


TABLE IV 


Premature ventricular contractions were considered fre- 
quent if they occurred at a rate of 20 percent or more in 
any series of 50 beats. They were considered “ominous” 
when their rate increased to frequent during exercise, when 
two consecutive premature ventricular contractions oc- 
curred with other premature ventricular contractions that 
increased with exercise, and when three or more premature 
ventricular contractions occurred consecutively. 


Results 


Mortality and morbidity: Table I presents data 
on morbidity and mortality due to coronary heart 
disease observed during the follow-up period; Table 
II lists the number of subjects in each group and their 
ages; and Table III defines the epidemiologic terms 


Results Using Exercise Testing To Screen for Latent Coronary Artery Disease Within the Subject Groups 











Men in Men with 
Whom CAD Abnormal 
Developed Test Result 
cian IST Sensitivity Predictive value Specificity 
Grou no. 9$ no. 06 (9$) (9$) (9$) Risk Ratio 
A. Maximal Treadmill Test 
| (IHD) 137 27.0 31. 49.2 76.5 (13/17) 41.9 (13/31) 61 3.4x (42/12.5; 
I (NST) a7 8&5 47 50.0 50.0 (4/8) 8.5 (4/47) 50 1.0x (8.5/8.5) 
IH (NT) Bc 43 34 18.3 75.0 (6/8) 17.6 (6/34) 84 13.5x (17.6/1.3) 
IV (H) 6 4.9 » .41 50.0 (3/6) 60.0 (3/5) 98 24.0x (60/2.5) 
V (N) 7 1.0 I! 27 28.6 (2/7) 10.5 (2/19) 98 14.5x (10.5/0.7) 
VI (SP) 0-0 4 1.9 V 0 (0/4) 98 0 (0/0) 
Total aS 3.3 140 10.1 60.9 (28/46) 20.0 (28/140) 92 14.3x (20/1.4) 
B. Double Master Two-Step Test 
I (IHD) 17. 27.0 14 = 22.2 47.1 (8/17) 57.1 (8/14) ae 3.1x (57.1/18.4) 
II (NST) 8 8.5 24. 25.5 75.0 (6/8) 25.0 (6/24) es 8.6x (25/2.9) 
Ill (NT) 8- 34:3 18 5.4 0 (0/8) 0 (0/10) «ed 0x (0/4.5) 
IV (H) 6 4.9 8. —0 0 (0/6) bee jd 0x (0/4.5) 
V (N) 7 1.0 4 0.6 0 (0/7) 0 (0/4) y 0x (0/1) 
VI (SP) B. 8 0 0 i3» TE Sas 
Total 46 3.3 55 * 03:7 30.4 (14/46) 26.9 (14/52) 11.2 (26.9/2.4) 





CAD — coronary artery disease; H — hypertension; IHD — ischemic heart disease; N — normal; NST — nonspecific S-T segment 
changes; NT — nonspecific T wave changes; Predictive value — probability that coronary heart disease will develop given an ab- 


normal test result; SP — special project candidates. 
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Results Using Maximal Treadmill Testing to Screen for Latent Coronary Artery Disease Within Age Groups 
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Men in Whom Men with Abnormal 
CAD Developed Treadmill Test UAR. tya M. 
Age Group RID WEE OIN. i oe E Sensitivity Predictive value Specificity 
(yr) no. % no. 06 (%) (%) (%) Risk Ratio 
a a DENN REM Lo 7 0- 
20-29 0 0 8. A2 (0/0) 0 (0/8) 96.8 
(no. — 253) 
30-39 8. 1.4 Hu 59 50.0 (4/8) 12.9 (4/31) 95.1 17.2X 
(no. — 563) 
40-54 > 38 6.6 101 -1729 63.2 (24/38) 23.8 (24/101) 85.6 8.0x 
(no. — 574) 
40-54 11" 348 39 8.6 58.8 (10/17) 25.6 (10/39) 93.6 15. 1X 
(Groups | (IHD) 
and II (NST) 
omitted) 
(no. = 451) 


aes 


M ——————————————M—————————À—ÀÀ—— eee o 


Abbreviations as in Table IV. 


used in the tables and Discussion. The results using 
maximal treadmill testing and the double Master test 
as screening techniques within the subject groups are 
presented in Table IV, and the same data for maxi- 
mal treadmill testing according to age at the time of 
clinical evaluation are presented in Table V. 'The 40 
to 54 year age group was also analyzed after exclusion 
of the men from Group I (ischemic heart disease) and 
Group II (nonspecific S-T changes). Seventy-eight 
percent of the men in these two groups were in this 
age group and their influence was evident. 

A significant statistical difference (P <0.01) was 
found in morbidity and mortality due to coronary ar- 
tery disease between the combined Group V and 
Group VI (normal and special project) and the other 
groups. There was also a difference (P «0.001) in the 
prevalence of abnormal responses to treadmill testing 
between Groups V and VI and the groups with isch- 
emic heart disease and nonspecific S-T or T wave 
changes (Groups I to III). However, since the mean 
ages of the subjects with these findings in the various 
groups were similar (Table VI), it is possible that the 
differences in the prevalence of abnormal treadmill 
responses and in coronary heart disease morbidity 
and mortality during the follow-up period could have 
resulted from the age composition of the groups. 

Height, weight, serum lipids: Data on the 
weight-height ratio, weight, serum cholesterol and 
triglycerides of the men with abnormal treadmill re- 
sponses and of the men who later manifested coro- 
nary artery disease were compared with findings in a 
group of normal men of the same age. No statistically 
significant differences were found except for a slight- 
ly higher mean cholesterol level in the men with sub- 
sequent coronary artery disease (P «0.05). Maximal 
heart rate, maximal oxygen consumption and maxi- 


mal treadmill time were similarly analyzed and no 


significant statistical differences were found. 
S-T depression: Orthostatic S-T segment depres- 


Sion was very rare in this population, but its presence 


did not rule out the development of coronary heart 


disease in men with abnormal treadmill test results. - 


Preexercise hyperventilation caused S- T segment de- 


pression in only two men who had abnormal tread- . 
mill test results, and neither manifested coronary ar- — 
tery disease. Horizontal S-T segment depression of — 
0.1 mv during early or mid-exercise and an upsloping - 
S-T segment during later exercise did not rule out — 
the development of coronary artery disease. Of those 
with abnormal treadmill test results and subsequent — 
coronary artery disease, 14 percent had changes dur- | 


ing exercise alone, 18 percent had changes only after 
exercise and 68 percent had changes in both periods; 
25 percent had abnormal treadmill test results be- 
cause of S- T segment depression (0.1 mv or more) in 
the bipolar X lead only, with less S-T segment de- 


pression or no changes in other leads. Abnormality in - 


the X lead was recorded in all men who had both ab- 
normal treadmill test results and later coronary ar- 
tery disease except for one person with abnormal test 
findings detected by lead V5 alone. 

Premature ventricular contractions: Table VII 
shows the frequency of occurrence of premature ven- 


tricular contractions and the percent of men in whom -. 


TABLE VI 


Ages on Examination of Men with Abnormal Treadmill Test 
Results and Those Who Later Had Coronary Artery Disease 





Mean Age (yr) + Standard Deviation 


Men with Later 





Men with Abnormal 





Group Treadmill Test Results Coronary Artery Disease 
| (IHD) 44.7+7.0 45.6 23- 3.8 
I! (NST) 43.0 4 7.6 40.9 4- 4.4 
IH (NT) 44.2 4- 5.4 45.0 2- 3.7 
IV (H) 45.2 4- 6.2 44.7+ 6.6 
V (N) 40.1+ 9.0 44.7 4- 6.1 
VI (SP) 31.5+ 4.2 iof 
All groups 43.1+ 7.0 44.0 3- 5.3 





Abbreviations as in Table IV. 
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TABLE VII 


Percent of Men in Study with Premature Ventricular Contrac- 
tions (PVCs) During or After Exercise 


Men 
Rate of PVCs (90) 


Single PVC 

Occasional PVCs 

Frequent PVCs 

2 consecutive PVCs 

2 consecutive PVCs plus others 

3 consecutive PVCs plus others 

3 consecutive PVCs only 

4 or more consecutive PVCs 
Total 


M om. 
Mooornrt aH 
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TABLE VIII 


Initial Time of Appearance of Premature Ventricular 
Contractions (PVCs) 


Time of Appearance of PVCs Men (%) 
Late exercise 40 
Throughout exercise 30 
Early in exercise 15 
Mid-exercise 11 
Recovery only 4 
. TABLE IX 


. “Ominous” Patterns of Occurrence of Premature Ventricular 
Contractions (PVCs) 








Men 

“Ominous’’ Patterns (no.) 
PVCs that increase to frequent with exercise 4 
3 consecutive PVCs 5 

2 consecutive PVCs plus others that increase with 

exercise | 9 
3 consecutive PVCs plus others 10 
4 or more consecutive PVCs plus others 1 





they occurred. The initial time of appearance of pre- 
mature ventricular contractions is presented in Table 
VIII. The “ominous” patterns of premature ventricu- 
lar contractions and the number of subjects they oc- 
curred in are listed in Table IX. The occurrence of 
premature ventricular contractions was related to age 
and presence of coronary artery disease but was not a 
- practical means of identifying a higher risk group ex- 
cept when these premature beats were associated 
with an abnormal treadmill test result. “Ominous” 
arrhythmias had a sensitivity of 6.5 percent, a predic- 
tive value of 10.3 percent and a risk ratio of 3.4 in 
screening for latent coronary artery disease. Exercise- 
induced atrial arrhythmias occurred in less than 5 
percent of the men. 


Discussion 


The population in this epidemiologic study was in- 
fluenced by several selection processes. The require- 
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ments and competition for qualifying for flight train- 
ing resulted in the selection of men with exceptional 
physical and mental traits. Continuation on flying 
status and later referral to this center involved fur- 
ther selection. The influence of this last selection 
process was lessened by excluding men with condi- 
tions or findings that could affect the interpretation 
or significance of treadmill testing and by separating 
the men included in the study into specific groups. 

The prevalence of abnormal treadmill responses 
and the incidence of morbidity and mortality due to 
coronary artery disease appeared to be in proportion 
to the hypothetical risk for coronary artery disease in 
each group. However, analysis of the ages of the men 
in each group with these findings left the possibility 
that the differences between groups were age-related. 
The increased risk of coronary artery disease in 
subjects with hypertension, history of symptoms of 
coronary artery disease, or eleetrocardiographic 
changes compatible with myocardial infarction has 
been demonstrated by other studies, but the signifi- 
cance of the development of repolarization changes in 
serial electrocardiograms obtained in agymptomatic 
men requires further investigation. 

Double Master test: Table IV shows that the dou- 
ble Master two-step test was a relatively insensitive 
screening tool in this asymptomatic population. Al- 
though the total risk ratio and the probability that 
coronary artery disease will develop in subjects with 
an abnormal test response were comparable to tread- 
mill test results, the inadequate sensitivity of the 
double Master two-step test was especially apparent 
in Groups III, IV and V (nonspecific T wave changes, 
hypertension and normal findings). These data em- 
phasize the importance of replacing the double Mas- 
ter test for screening asymptomatic men with a heart 
rate-targeted step test or bicycle test that can be 
used at facilities where a treadmill is not available. 

Significance of abnormal treadmill test: The 
probability that coronary artery disease will develop 
given an abnormal treadmill test result—that is, the 
predictive value of the test—possibly will increase 
after a longer follow-up period as coronary artery dis- 
ease develops in more of the men with abnormal 
treadmill test results. However, autopsy and coro- 
nary angiographic findings have demonstrated that 
some men with abnormal treadmill responses did not 
have coronary artery disease. Four of the men with 
abnormal treadmill test results were asymptomatic 
and had normal findings on coronary angiography; 
two died of noncardiovascular causes and had no cor- 
onary disease at autopsy. The false positive test re- 
sults were not explained by orthostatic, hyperventila- 
tion or resting repolarization abnormalities. Certain 
electrocardiographic lead systems are more likely to 
produce false positive responses, particularly those 
that have a negative reference that can be affected by 
the normal S-T segment vector, but these leads were 
not used in that study.!? It is possible that some of 
the false positive results were due to subclinical car- 
diomyopathy or myocarditis. Further follow-up will 
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be necessary to clarify the prognosis of subjects with 
false positive responses. 

Specificity and sensitivity of treadmill test: 
Specificity differed among groups and was inversely 
related to age (Table V) because both the incidence 
of coronary artery disease and the prevalence of ab- 
normal responses to treadmill testing were directly 
related to age. An abnormal treadmill test response 
was not related to an increased risk in Group II and 
did not have as high a risk ratio in Group I as in the 
other groups studied. As defined, the only way that 
Group II could be recognized was by obtaining serial 
electrocardiograms and looking for S-T segment de- 
pression as is done in yearly examinations of U. S. Air 
Force crewmen after age 35. The reason for the dis- 
appointing results of treadmill testing in these two 
groups is uncertain. However, both groups were at 
greater risk for coronary artery disease than other 
groups. The different values for the specificity and 
sensitivity of treadmill testing within subject and age 
groups demonstrates the naiveté of asserting that 
treadmill testing has absolute values for these vari- 
ables. Also, the different values in the subgroups for 
the probability that coronary artery disease will de- 
velop given an abnormal test result are consistent 
with Bayes' rule. This rule states that the diagnostic 
value of any test is dependent upon the incidence of 
the disease to be diagnosed within the population 
studied.!® 

The sensitivity of treadmill testing for detecting 
latent coronary artery disease ranged from 28.6 to 
76.5 percent in the various subject groups, and an 
overall sensitivity of 60.9 percent was demonstrated. 
Very little increase in yield was obtained by consid- 
ering borderline responses or “ominous” arrhyth- 
mias. Several approaches could improve the sensitivi- 
ty of treadmill testing. Computer technology for 
analysis appears promising.!7:!8 Also, Bruce!? demon- 
strated in his epidemiologic study that the stnsitivity 
of treadmill testing for detecting latent coronary ar- 
tery disease could be increased by performing tread- 
mill testing in the study population every year. 

Predictive value of treadmill test: The impres- 
sive risk ratio of 14.3 demonstrates that maximal 
treadmill testing is a valuable screening tool for la- 
tent coronary artery disease. Comparison of abnor- 
mal responses with other risk factors in this popula- 
tion was limited for several reasons. First, informa- 
tion regarding family history, cigarette smoking hab- 
its and activity status was not consistently available. 
Second, serum lipid values were affected by seasonal 
and laboratory variations. However, the available 
data suggested that an abnormal treadmill test re- 
sponse functioned as an independent risk factor and 


were in accord with the findings of Blackburn et al. 5 
Maximal heart rate, maximal oxygen consumption — 


and maximal treadmill time were disappointing fac- 
tors, probably because of the wide tolerance limits 
found in normal men.?! The findings regarding tread- 


mill exercise-induced premature ventricular contrac- . 


tions and their lack of specificity for coronary artery 
disease in asymptomatic men were consistent with 
the data of McHenry et al.?? 

Clinical implication: Our study has demon- 
strated that the abnormal electrocardiographic re- 


sponse to exercise testing identifies a group of men at 


high risk for coronary artery disease. However, the 
limitations of the sensitivity and specificity are ap- 


parent. An abnormal electrocardiographic response : 


does not absolutely predict the future ominous pre- 
sentation of coronary artery disease and a normal re- 
sponse does not rule out this possibility. In appropri- 
ate instances when the minimal risk of coronary angi- 
ography is justified, this invasive procedure can de- 
termine the anatomic correlation of exercise-induced 


functional S- T segment changes. To increase the sen- - 


sitivity of screening techniques for detecting latent 


coronary artery disease, all risk factors of demon- . 


strated value should be utilized. 
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Addendum 

Of the men seen from 1965 to 1969 at the U. S. Air 
Force School of Aerospace Medicine, 1,640 remained 
after exclusion of those with the medical conditions 
listed under Methods. Special efforts were made to 
trace the men in this group with exercise test abnor- 
malities. Questionnaires were sent to most of these 
men but only to a randomized sample of the rest of 
the population. Because of these efforts, 140 of 142 
with abnormal responses, 93 of 98 with borderline re- 
sponses and 29 of 30 with “ominous” arrhythmias 
were traced at the end of the follow-up period. Also, 
63 of 65 in Group I (ischemic heart disease) were 


traced. The 250 men who could not be traced were . 


largely from Group VI (special project) (126 of 250; 


50 percent) and Group V (normal) (98 of 250; 39 per- - 


cent). These men included civilians, foreign officers 
or other officers not with the U. S. Air Force, and 


men who left the Air Force without medical problems  . 


after less than 20 years of active duty. 
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To assess the relation between the length of the effective refractory 
period of the accessory pathway and the ventricular rate during atrial 
fibrillation, we studied two groups of patients with the Wolff-Parkinson- 
White syndrome: Group |, 17 patients with electrocardiographically 
documented episodes of atrial fibrillation, and Group ll, 9 patients with- 
out this arrhythmia. In 17 of these 26 patients the effective refractory 
period of the accessory pathway could be determined by the single 
test stimulus method during atrial pacing. 

After measurement of the refractory period, atrial fibrillation was in- 
duced by rapid atrial pacing (400 to 500/min). The duration of the ef- 
fective refractory period of the accessory pathway was found to corre- 
late with the shortest R-R interval and the mean ventricular rate during 
documented or induced atrial fibrillation. In nine patients the effective 
refractory period of the accessory pathway could not be determined 
because the atrium became refractory while atrioventricular (A-V) 
conduction was still occurring over this pathway. In these patients the 
right atrium was regularly paced at rates of up to 280/min. All nine pa- 
tients had 1:1 A-V conduction over the accessory pathway up to driv- 
ing rates of 240/min. In five patients conduction still manifested a 1:1 
ratio at pacing rates of 280/min. During atrial fibrillation all nine pa- 
tients had a mean ventricular rate greater than 200/min. 

Although factors other than the effective refractory period of the ac- 
cessory pathway affect ventricular rate during atrial fibrillation in pa- 
tients with the Wolff-Parkinson-White syndrome, the duration of this 
period is of value in identifying patients at risk of having life-threaten- 
ing high ventricular rates when atrial fibrillation occurs. 


Should rapid atrial rhythms, such as atrial flutter or atrial fibrilla- 
tion, occur in the normal heart, the electrophysiologic properties of 
the atrioventricular (A-V) node prevent the development of very high 
ventricular rates. However, when there is a second connection be- 
tween the atrium and ventricle, as in the Wolff-Parkinson-White syn- 
drome, the ventricular rate during atrial fibrillation will depend not 
only upon the properties of the A-V node, but also upon those of the 
accessory pathway. As shown by Castellanos et al.) if the accessory 
pathway has a short effective refractory period, very high ventricular 
rates can occur after the onset of atrial fibrillation. Under these cir- 
cumstances atrial fibrillation can be a life-threatening arrhythmia. 
Indeed, ventricular fibrillation developing from atrial fibrillation has 
been reported in both the human?~ and the dog’ heart. These obser- 
vations suggest that it might be important to identify patients with 
the Wolff-Parkinson-White syndrome who have a short refractory 
period of the accessory pathway. We therefore studied the relation 
between the duration of the effective refractory period of the accesso- 
ry pathway and the ventricular rate during subsequently induced 
atrial fibrillation in 26 patients. 
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TABLE ! 


Age, Sex and Type of Wolff-Parkinson-White 
Conduction in 26 Patients 











Case no. Age (yr) & Sex Type WPW Diagnosis 
Group | (Atrial Fibrillation) 

1 41M A Al, MS, RHD 
2 52F A MI, MS, RHD 
3 46M A Al, RHD 

4 58F A CHD 
5 46M A CHD 
6 43M A SSS 
7 27M A SSS 
8 15M B SSS 
9 23M A 

10 46F A 

11 27M A 

12 54F A 

13 21M A 

14 34M A 

15 41M A 

16 30F B 

17 23M A 





Group II (No Atrial Fibrillation) 


44M A 
43M 
54F 

54M 
54M 
20M 
33M 
22M 
26M 








rPrwrrroar 





A! = aortic incompetence: CHD = coronary heart disease; 
F = female: M = male; MI = mitral incompetence; MS = mitral 
stenosis; RHD = rheumatic heart disease; SSS = sick sinus 
syndrome; WPW = Wolff-Parkinson-White syndrome. 


Material and Methods 


Group I: Of 82 patients referred to our department for 
evaluation of the Wolff-Parkinson-White syndrome, 17 had 
electrocardiographically documented episodes of atrial fi- 
brillation. Data on age and cardiac conditions that might 
have contributed to the occurrence of the arrhythmia are 
shown in Table I. Five of the 17 patients were women, and 
15 had type A Wolff-Parkinson-White conduction. This 
classification was based on a modification of the system of 
Rosenbaum et al., using their criteria for the configuration 
of the QRS complex in lead V;, not during sinus rhythm 
but following maximal preexcitation, after the earliest 
atrial premature beat conducted over the accessory path- 
way.? All 17 patients had sinus rhythm when they entered 
the catheterization laboratory. After informed consent was 
obtained, the effective refractory period of the accessory 
pathway was determined by the single test stimulus meth- 
od during atrial pacing at three or more basic pacing rates. 
During this procedure a premature test stimulus was given 
after every eighth basic stimulus. The premature beat in- 
terval was thereby gradually shortened until the atrium be- 
came refractory. The effective refractory period of the ac- 
cessory pathway was defined as the shortest atrial prema- 
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ture beat interval followed by A-V conduction over the ac- 
cessory pathway. Because of difficulty in identifying pre- 
cisely the onset of the delta wave, we could not measure the 
functional refractory period of the accessory pathway, de- 
fined as the shortest interval between the beginning of the 
delta wave of the last beat of the basic rhythm and the be- 
ginning of the delta wave of the premature atrial beat. We 
recognize that an increase in latency time and intraatrial 
conduction delay after very early atrial stimuli might influ- 
ence these measurements and result in underestimation of 
the duration of the refractory period of the accessory path- 
way. 

In five patients the effective refractory period of the ac- 
cessory pathway could not be measured because the atrium 
became refractory before the refractory period of the acces- 
sory pathway occurred. In these patients the atrium was 
regularly paced at increasing rates of up to 280/min. After 
recording of these data, atrial fibrillation was then induced 
by pacing the atrium at rates of 400 to 500/min. 


Group II: In this group of nine patients with no history - 
of atrial fibrillation (Table I), the refractory period of the 
accessory pathway could be determined by the single test 
stimulus method in five. In four patients whose atrium be- 
came refractory before the refractory period of the accesso- 
ry pathway occurred, the atrium was regularly paced at in- 
creasing rates of up to 280/min. Atrial fibrillation was in- 
duced in all nine patients by pacing the atrium at rates of 
400 to 500/min. Seven patients had type A Wolff-Parkin- 
son-White conduction and two type B. Again this classifi- 
cation was based upon the configuration of the QRS com- 
plex after the earliest premature atrial beat conducted over 
the accessory pathway. 

During the studies, leads I, II, III, V; and Ve, a unipolar 
or bipolar intracavitary lead from the right atrium and a 
His bundle lead!? were recorded simultaneously. All data 
were stored on magnetic tape with an Ampex FR 1300 tape 
recorder. The ventricular rates after atrial fibrillation, 
whether induced or electrocardiographically documented 
while the patient was not receiving medication, were corre- 
lated with the data on the duration of the refractory period 
of the accessory pathway. 


Results 


The single test stimulus method: In 12 patients 
of Group I and 5 patients of Group II the effective re- 
fractory period could be measured by the single test 
stimulus method during atrial pacing (Fig. 1). In 14 
of these 17 patients the effective refractory period of 
the accessory pathway was 300 msec or less. Figure 2 
shows the relation between the duration of the effec- 
tive refractory period of the accessory pathway and 
the shortest R-R interval during documented or in- 
duced atrial fibrillation. There was good correlation 
between the two variables. 

In Figure 3 the effective refractory period of the 
accessory pathway is plotted against the mean R-R 
interval of 12 consecutive R-R intervals during atrial 
fibrillation in the same patient. The mean R-R inter- 
val was longer than the effective refractory period of 
the accessory pathway, as explained later. This figure 
shows that the shorter the effective refractory period 
of the accessory pathway, the higher the mean ven- 
tricular rate during atrial fibrillation. Like Kanakis 
et al.,!! we found that in the majority of patients the. 
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No. of patients studied 


150 200 250 300 350 400 450 500 550 msec 


ERP 


FIGURE 1. Distribution of the duration of the effective refractory pe- 
riod (ERP) of the accessory pathway in 17 patients with the Wolff- 
Parkinson-White syndrome. In this figure and Figures 2 and 3 the 
smallest value of the effective refractory period of the accessory 
pathway was used. 
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FIGURE 3. Relation between the effective refractory period (ERP) of 
the accessory pathway and the mean R-R interval from 12 consecu- 
tive R-R intervals during atrial fibrillation (AF) in the same patient. As 
in Figure 2, data on 16 patients are given. In nine patients the mean 
ventricular rate during atrial fibrillation was more than 200/min, in 3 
patients more than 250/min. 


refractory period of the accessory pathway decreased 
with increasing pacing rate. This is demonstrated in 
Figure 4, based on data from 10 consecutive patients 
in whom the refractory period of the accessory path- 
way was measured during at least three different 
basic cycle lengths. The maximal difference in dura- 
tion at these basic cycle lengths was only 40 msec. In 
Figures 1 to 3 the shortest of these measurements 
was used to determine the effective refractory period 
of the accessory pathway. 
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FIGURE 2. Relation between the effective refractory period of the 
accessory pathway and the shortest R-R interval during atrial fibrilla- 
tion. The data from 16 patients are shown; those from the patient 
with the longest refractory period (500 to 550 msec) have been 
omitted. AF = atrial fibrillation. 


ERP 
msec 


500 
450 


400 


350 — 
«di NE omar 


250 MERGE ee 


200 


500 600 700 800 msec 
basic cycle length 


FIGURE 4. Relation between the length of the effective refractory 
period (ERP) of the accessory pathway and basic cycle length during 
atrial pacing. At least three basic cycle lengths are shown. Note that 
in the majority of patients there is shortening of the refractory period 
of the bypass with increasing pacing rate. 


In addition to a high ventricular rate during atrial 
fibrillation, patients with a short effective refractory 
period of the accessory pathway (200 to 250 msec) 
manifested either exclusive A-V conduction over the 
accessory pathway (Fig. 5) or only incidental conduc- 
tion through the A-V node. In contrast, conduction in 
the patient with a long effective refractory period oc- 
curred solely by way of the A-V nodal pathway (Fig. 
6). 

Patients with an effective refractory period of the 
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accessory pathway of 250 to 350 msec showed a com- 
bination of (1) A-V conduction over the accessory 
pathway or the A-V node, and (2) fusion complexes 
indicating conduction over both pathways. In these 
patients one could frequently observe during atrial fi- 
brillation that several QRS complexes manifesting 
preexcitation were followed by several QRS com- 
plexes with exclusive A-V conduction over the A-V 
node. This pattern of conduction is compatible with 
the occurrence of retrograde concealed ventriculo- 
atrial conduction in one pathway after A-V conduc- 
tion over the other pathway, thus favoring persis- 
tence of A-V conduction over the latter pathway.9.? 

A-V conduction over the accessory pathway 
during atrial pacing at increasing pacing rates: 
In nine patients (five from Group I and four from 
Group II) the right atrium was paced at increasing 
rates of up to 280/min. In all patients 1:1 A-V con- 
duction occurred at pacing rates of 240/min. In five 
patients 1:1 A-V conduction over the accessory path- 
way was present up to an atrial pacing rate of 280/ 
min. After induction of atrial fibrillation all nine pa- 
tients manifested a mean ventricular rate of more 
than 200/min (range 210 to 300 min). 


: Discussion 

According to Laham,!? the incidence of atrial fi- 
brillation in the Wolff-Parkinson-White syndrome is 
approximately 11.5 percent. In our series 17 of 82 pa- 
tients (approximately 20 percent) had electrocardi- 
ographically documented episodes of atrial fibrilla- 
tion. However, our series represents selected material 
since 67 of the 82 patients were referred for evalua- 
tion of tachycardia. 

Only 8 of our 17 patients had concomitant heart 
disease that might have contributed to the develop- 
ment of atrial fibrillation (Table I). Five of the re- 
maining nine patients were under 35 years of age. As 
pointed out by Dreifus et al.,!^ some of our patients 
showed the characteristics of the sick sinus syn- 
drome. Like others,?45/6 we found that type A 
Wolff-Parkinson-White conduction predominated in 
patients with atrial fibrillation (15 of 17 patients), 
whereas 54 of our 82 patients had type A Wolff-Par- 
kinson-White conduction. We do not have an expla- 
nation for this finding. Theoretically one should 
study the relation between the functional refractory 
period of the accessory pathway and the ventricular 
rate during atrial fibrillation; however, exact mea- 
surements of the functional refractory period of the 
accessory pathway were not possible. Figure 3 shows 
that the mean R-R interval during atrial fibrillation 
is longer than the effective refractory period of the 
accessory pathway. This is not surprising if one reali- 
zes how many factors influence ventricular rate dur- 
ing atrial fibrillation in the Wolff-Parkinson-White 
syndrome (Table II). 

Factors determining ventricular rate during 
atrial fibrillation: In this syndrome there are two 
pathways between the atrium and ventricle. The ven- 
tricular rate during atrial fibrillation depends upon 


TABLE Il 


Factors Determining Ventricular Rate During Atrial Fibrillation 
in Wolff-Parkinson-White Syndrome 





Accessory pathway 
1. Refractory period 
2. Input, transmission and output characteristics 


Width, length, type of tissue of accessory pathway 
in atrioventricular direction 
p 
3. Concealed conduction 
N 
in ventriculoatrial direction 
4. Reentry? 
Atrioventricular nodal pathway 
1. Refractory period 
2. Input, transmission and output characteristics 
3. Concealed conduction 
4. Reentry 
Ventricle 
1. Refractory period 





the electrophysiologic properties of both pathways, 
the interplay between A-V conduction over these two 
pathways, and the properties of the receiving ventri- 
cle. The refractory period of the accessory pathway, 
the width, length and anatomic structure of the by- 
pass, and the frequency of, and the state of organiza- 
tion of, the wave front entering the bypass also influ- 
ence the ventricular rate. 

Concealed conduction and reentry may occur in 
the accessory pathway, the former in both an atrio- 
ventricular and a ventriculoatrial direction. As shown 
in Table II, the same factors in the A-V nodal path- 
way determine the number of atrial impulses able to 
traverse this area to reach the ventricle. The length 
of the refractory period of the ventricle is the final 
factor affecting the ventricular rate during atrial fi- 
brillation. We are aware that the factors listed in 
Table II are influenced by changes in sympathetic 
and parasympathetic discharge after the onset of 
atrial fibrillation. However, Figures 2 and 3 indicate 
that the length of the refractory period of the acces- 
sory pathway has definite predictive value for ven- 
tricular rate during atrial fibrillation. Our data also 
demonstrate that a short refractory period of the ac- 
cessory pathway is far from uncommon. The results 
of previous studies?’ suggest that ventricular fibril- 
lation may develop from atrial fibrillation or occur 
when a very early supraventricular premature beat 
falls in the vulnerable phase of the preceding ventric- 
ular complex. We do not know the true incidence of 
sudden death, unexplained by autopsy findings, in 
patients with the Wolff-Parkinson-White syndrome. 
Studies on the natural history of this syndrome!7-19 
showed that in several adult patients the typical elec- 
trocardiographic signs disappeared over the years, 
probably as a result of block in the accessory pathway 
or marked lengthening of the refractory period of this 
pathway. This finding suggests that the danger that 
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high ventricular rates will develop after the onset of 
atrial fibrillation diminishes with increasing age. 
Therapeutic implications: We do not have data 
on the natural history of the Wolff-Parkinson-White 
syndrome in relation to the length of the refractory 
period of the bypass. In the absence of this informa- 
tion we do not believe that there is an indication for 
prophylactic antiarrhythmic drug therapy in the 
asymptomatic patient with a short refractory period 
of the accessory pathway. In patients with docu- 
mented episodes of atrial fibrillation, abnormalities 


favoring the development of the arrhythmia, such as 
rheumatic heart disease, coronary heart disease, 
sinus nodal dysfunction and hyperthyroidism, should 
be identified and, when possible, corrected. If these 
patients have a short refractory period of the accesso- 
ry pathway, a drug like quinidine or procainamide 
should be given, both to prevent the arrhythmia and 
to lengthen the refractory period.?? A discussion of 
the effect and use of digitalis in patients with the 
Wolff-Parkinson-White syndrome and atrial fibrilla- 
tion has been published previously.*?! 
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Mitral valve echocardiograms recorded in 57 patients revealed sponta- 
neous ventricular premature contractions in 46 and supraventricular 
premature contractions in 11. The latter patients had normal mitral 
valve motion. Five patterns of mitral valve movement were observed in 
patients with premature ventricular contractions: (1) normal movement 
(18 patients); (2) valve prolapse (20 patients); (3) absent valve open- 
ing (3 patients); (4) no valve closure (1 patient); and (5) normal mo- 
tion with long coupling intervals and mitral valve prolapse with short 
coupling intervals (4 patients). The velocity of valve closure during the 
premature ventricular contraction was greater than that of the regular 
beat in 28 patients. The presence of normal mitral valve movement 
during premature beats in all seven patients with severe cardiomegaly 
and the occurrence of valve prolapse only with short coupling intervals 
in the four patients with parasystole indicate that a small ventricular 
volume is an important factor in valve prolapse. The normal mitral 
valve motion observed in the 11 patients with supraventricular extra- 
systoles suggests that a small ventricular volume alone is not sufficient 
to produce valve prolapse; abnormal papillary muscle and ventricular 
activation are probably also required. Mitral valve prolapse may be an 
important cause of mitral regurgitation induced during ventricular pre- 
mature contractions. 


The premature ventricular contractions that sometimes occur during 
left ventricular angiography may produce mitral incompetence. Al- 
though several experimental studies? have clearly demonstrated this 
phenomenon, the exact mechanism of mitral regurgitation during 
ventricular extrasystoles remains uncertain. 

Since its introduction by Edler and Hertz,? echocardiography has 
been extensively used in the study of mitral valve disease.^-? In this 
paper we describe the echocardiographic patterns of mitral valve 
movement observed during ventricular extrasystoles and postulate 
mitral valve prolapse as a mechanism for mitral incompetence in- 
duced by ventricular premature beats. 


Materials and Methods 


Echocardiography was performed for varied clinical reasons in 57 referred 
patients. Group I (46 patients) consisted of 13 patients with coronary artery 
disease, 9 with no demonstrable heart disease, 11 with mitral or aortic valve 
disease, 4 with a prosthetic mitral valve, 5 with the ballooning mitral valve 
syndrome, 3 with congestive cardiomyopathy, and 1 with a ventricular septal 
defect. All patients had spontaneous premature ventricular contractions. 
Group II consisted of 11 patients with premature supraventricular contrac- 
tions who were studied for comparison. 

Echocardiography was performed with the patients supine. A 2.25 mega- 
hertz 10 cm focus transducer, a commercially available ultrasonoscope and a 
strip chart recorder were used. Mitral valve echoes were obtained by placing 
the transducer in the third interspace at the left sternal edge. The mitral 
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is IGURE t E haenidiograim of the mitral valve revealing normal 
: movement during a sinus (S) beat and valve prolapse (arrow) with a 
_ premature ventricular contraction (PVC). AMV = anterior mitral leaf- 
. let; PMV = posterior mitral leaflet. 


valve was examined at different positions (from the tip to 
< the base) and long strips were recorded for analysis. The 
. systolic closing velocity was calculated by measuring the 
_ B-C slope of the mitral valve. When a distinct B point was 
E a not visible, the A-C slope was used. 


Results 


ur - Echocardiograms of the mitral valve revealed five 
Cot of movement during ventricular extrasys- 
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FIGURE 3. Echocardiogram cf a mitral valve disk prosthesis demon- 
strating normal valve closure during a premature ventricular contrac- 
tion. C = cage; ECG = electrocardiogram; Phono = phonocardio- 
gram. 





(Fig. 1); (3) no valve closure (1 patient); (4) no valve 
opening (3 patients) (Fig. 2); and (5) normal motion 
with long coupling intervals and mitral valve pro- 
lapse with short coupling intervals (4 patients). 

Five of the 24 patients with mitral valve prolapse 
had a ballooning mitral valve during control sinus 
rhythm. In four patients with parasystolic rhythms 
and varying coupling intervals prolapse occurred dur- - 
ing premature ventricular contractions when the cou- 
pling interval was short and was not present when: 
the coupling interval was long. In two of the five pa- 
tients with a billowing mitral valve, prolapse was ob- 
served earlier in systole during premature ventricular 
contractions than during sinus rhythm. Normal and 
complete closure of the valve was observed in the 
echocardiograms of the patients with a prosthetic mi-. . 
tral valve (Fig. 3). Seven patients had severe cardio- - 
megaly and none manifested valve prolapse curing 
premature ventricular contraction even when the 
coupling interval was short (Fig. 4). All 11 patients 
with supraventricular extrasystoles had normal mi 
tral valve motion during premature beats (Fig. &). | 

Figures 6 illustrates the relation between the sys- 
tolic closing velocity (B-C slope) during the regular 
sinus beat and that during the premature beat in 44 
of the 46 patients. In 28 patients the closing velocity | 
during the premature ventricular contraction was 
greater than that cbserved during the regular beat. 


Discussion 


Mechanisms of mitral insufficiency during o 


premature ventricular contractions: Friedman et. 



















valve movement during a supraventricular premature contractior 
‘Zea LEES " "EN (third cycle). AMV = anterior mitral leaflet; PMY = postenor n mitral. 
IGURE 4. Echocardiogram of the mitral valve of one of the seven tanen 3 
|» patients with severe cardiomegaly. Normal valve movement is seen 
3 _during two premature ventricular contractions (arrows). AMV = an- 
. - terior mitral leaflet; ECG = electrocardiogram; PMV = posterior mi- 
s tral leaflet. 
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^ that mitral regurgitation occurred less frequently 
during ventricular extrasystoles than during normal 
__ beats in the dog. Several mechanisms have been pro- 
-o posed!” to explain the mitral reflux that occurs with 
premature ventricular beats during left ventricular 
angiography and under experimental conditions: (1) 
- abnormal mitral valve position at the onset of ven- 50 
tricular contraction in the absence of a preceding 
atrial systole; (2) altered dynamics of ventricular con- 
_ traction; (3) delayed excitation and contraction of the 
- ring of muscle surrounding the mitral valve; and (4) 
... reduced velocity of closure of the valve due to a slow 
. increase of ventricular pressure during the extrasys- 
_ tole. Burch et al.? postulated that asynchronous con- 
traction of a papillary muscle may explain such mi- 
| wl incompetence. 
| ^ Mitral valve prolapse: Several reports!9!! have 
[^ indicated that mitral valve prolapse may cause mitral 20 
egurgitation. Echocardiography has been shown to 
reliable method of diagnosing mitral valve pro- 
j)5e 12.19. a step-like posterior movement in mid-sys- 
eora sagging of the systolic segment of the mitral 
motion on the ultrasonic tracing indicates valve 
pse. Our study demonstrates that patients with 
ial pattern of mitral valve movement during used 
eats can exhibit valve prolapse during prema- 0 10 20 30. 
ntricular contractions. Abnormal and delayed REGULAR BEAT, (cm s 
m of the papillary muscles, asynchronous | 
on of the papillary muscles and the left ven- 
wall, and smaller. ventricular volume as com- 
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MITRAL VALVE MOTION DURING VENTRICULAR EXTRASYSTOLES—CHANDRARAT NA ET AL. 


tors may produce excessive slack in the chordae ten- 
dineae and permit the valve cusps to prolapse. The 
- important contribution of a small ventricular volume 
to valve prolapse is evident when one examines the 
ultrasonic tracings of patients with parasystolic 
rhythms and variable coupling and of those with se- 
vere cardiomegaly. In the four patients with parasys- 
tolic foci, mitral valve prolapse was observed with 
early premature ventricular contractions, but not 
when the coupling interval was long. Of seven pa- 
tients with severe cardiomegaly, none manifested 
valve prolapse during premature beats. When the 
heart is enlarged it is possible that the ventricular 
volume during a premature beat is great enough so 
that the chordae have insufficient slack to allow valve 
prolapse. 

The normal valve motion observed in all 11 pa- 
tients with supraventricular extrasystoles indicates 
that a small ventricular volume alone may not be suf- 
ficient to produce valve prolapse. Since 9 of these 11 
patients had normal conduction and 2 had right bun- 
dle branch block, left ventricular activation was 
probably normal in all 11. These observations suggest 
that abnormal activation of the papillary muscles 
and asynchronous left ventricular contraction may 
also play a significant role in the genesis of valve pro- 
lapse. However, abnormal papillary muscle and left 
ventricular activation alone are not sufficient to pro- 


duce valve prolapse, since we have not observed ab- 
normalities of mitral valve motion in patients with 
left bundle branch block (unpublished data). Thus, 
the combination of a small ventricular volume and 
asynchronous papillary muscle and left ventricular 
contraction seems to be required to produce mitral 
valve prolapse during a premature ventricular con- 
traction. 

Our observations do not support the views of 
Vandenberg et al.,2 who postulated that the velocity 
of valve closure would be slower than normal during 
a premature ventricular contraction. In many of our 
patients, the closing velocity of the mitral valve dur- 
ing an extrasystole (Fig. 6) was greater than that of a 
normal beat. Thus, in most patients, inadequate or 
incomplete closure of the valve does not appear to 
play an important role in the production of mitral in- 
competence during a ventricular extrasystole. 

Clinical implications: Mitral valve prolapse, the 
most common abnormality of mitral valve motion 
that we observed during ventricular premature con- 
tractions, may explain the mitral regurgitation de- 
tected during these extrasystoles on cineangiocardio- 
grams. However, valve prolapse is not always associ- 
ated with mitral reflux, and evidence of mitral valve 
prolapse on the echocardiogram during premature 
ventricular contractions should not be construed as 
evidence of mitral valve disease. 
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Length of the Left Main Coronary Artery 


Its Relation to the Pattern of Coronary Arterial Distribution 


ITZHAK KRONZON, MD The length of the left main coronary artery was correlated with the " 


PAUL DEUTSCH, MD pattern of coronary arterial dominance in 100 cases. Patients with ei- 
EPHRAIM GLASSMAN, MD, FACC ther a dominant left circumflex vessel or balanced circulation had a left _ 
New York, New York main coronary artery that was significantly shorter than that of patients 


with a dominant right coronary arterial circulation. The importance of — 
this finding in patients undergoing aortic valve replacement is dis- - 
cussed. 
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The introduction of selective coronary arterial catheterization by 
Sones and Shirey! made possible the delineation of various forms of . 
coronary arterial anatomy in the living human patient. The elegant — 
anatomic studies of James? further extended knowledge of the ana- 
tomic features and pathologic changes in the coronary circulation — 
previously demonstrated by Schlesinger? and others. Both Schlesin- | 
ger and James described various patterns of coronary arterial distri- 
bution on the inferior surface of the left ventricle. The artery that. 
gives rise to the posterior descending or posterior interventricular ar- 
tery has been designated the dominant vessel by some authors. Since 
in all hearts the left coronary artery supplies a majority of the left 
ventricular mass, the term dominance may be misleading. In the re- 
mainder of this paper, dominance will be used only to designate the 
artery that gives rise to the circulation of the inferior left ventricular 
surface. Approximately 10 to 15 percent of hearts demonstrate left — 
coronary arterial dominance, and the preponderance of the remain- 
der exhibit right coronary arterial dominance. In this study we corre- - 
lated the length of the left main coronary artery with the pattern of 
dominance as demonstrated by selective coronary angiography. 
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Methods 


The angiograms of 104 consecutive adult patients who underwent selective 
coronary injection by the Judkins* or Sones! technique were analyzed. There ` 
were 75 men and 29 women aged 25 to 78 years. Table I lists the types of — 
heart disease found in these patients. All angiograms were recorded on 35 
mm film using a 6 inch cesium iodide image intensifier (Philips Medical Sys- 
tems, Shelton, Conn.), and multiple projections of each vessel were obtained. — 

The length of the left mainstem coronary artery was determined from its — - 
origin to the point of bifurcation into the left anterior descending and cir-  . 
cumflex branches. Measurement was performed on a single frame selected — 
because it demonstrated the maximal length of the vessel; the frame was gen- 
erally obtained at 15° to 45? in the right anterior oblique projection, Correc- — - 
tion was made for distortion induced by divergence of the X-ray beam by  - 
comparing the observed diameter of the catheter with its known measure- 
ments. The ratio derived in this fashion was then used to correct the mea- 
surement of the coronary arterial length. The artery giving rise to the posteri- _ 
or descending coronary artery was designated the dominant artery, as sug- - 
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“LENGTH OF LEFT MAIN CORONARY ARTERY—KRONZON ET AL. 


TABLE | 
Clinical Diagnosis in 104 Patients 





Men Women Total 








Coronary artery disease 47 12 59 
Atypical chest pain 8 4 12 
Mitral valve disease 7 4 11 
Aortic valve disease 6 2 8 
Aortic and mitral valve disease 6 3 S 
Idiopathic hypertrophic subaortic 1 1 2 
stenosis 
Coarctation of the aorta — 1 1 
Atrial septal defect — 1 1 
Patent ductus arteriosus — 1 1 
Total 75 29 104 
TABLE I! 


Length of Left Mainstem Coronary Artery Related to Coronary 
Arterial! Dominance 








Length of LCA Dominant Dominant Balanced 
(mm) RCA LCA Circulation 
0-2 3 5 2 
3-5 4 4 1 
6-8 17 
9-11 19 1 
12-14 24 
15-17 11 
18-20 4 
21-23 3 
24-26 2 
Total 87 10 3 





LCA = left mainstem coronary artery; RCA = right coronary 
artery, 


the left main coronary artery in three groups—patients 

with right and left coronary arterial dominance and those 

with a balanced circulation—were compared using Stu- 
dent's t test for unpaired values.^ 


Results 


Table II lists the lengths of the 100 left main coro- 
nary arteries; the longest vessel was 26 mm, and the 
shortest was almost 0 mm with immediate bifurca- 
tion distal to the left coronary ostium. The average 
length of all vessels was 10.4 + 5.6 mm (standard de- 
viation). 

Ten patients (10 percent) manifested left coronary 
arterial dominance and 87 (87 percent) right coro- 
nary arterial dominance; 3 (3 percent) had a balanced 
circulation with posterior descending branches aris- 


ing from both the right and left coronary arteries. 
These results are similar to those described by 
James.” 

In the 90 patients with a dominant right coronary 
artery, the average length of the left main coronary 
artery was 11.6 + 4.9 mm, and only 7 had a vessel less 
than 5 mm long. By contrast, in the 10 patients with 
a dominant left coronary artery the average length 
was significantly shorter, 3.1 + 2.8 (P <0.001). Nine 
of these 10 patients had a left mainstem artery short- 
er than 5 mm, as did all 3 patients with a balanced 
circulation. 


Discussion 


The correlation between the length of the left main 
coronary artery and the pattern of coronary arterial 
dominance has not been reported previously. Our re- 
sults indicate that patients with dominant left or bal- 
anced coronary circulations have a significantly 
shorter left main coronary artery than have patients 
with a dominant right coronary artery. The average 
length of the left coronary artery in our series (10.4 + 
5.6 mm) was somewhat longer than that described by 
Fox et al. However, their measurements were appar- 
ently made only in the right anterior oblique projec- 
tion and it is not clear whether they examined multi- 
ple projections to determine the longest possible 
length. Green et al? reported an average length of 
11.4 mm for the left mainstem artery in a series of 50 
hearts examined at autopsy. 

Clinical implications: Our study should have its 
greatest practical application in patients undergoing 
aortic valve replacement with seleetive coronary per- 
fusion. Awareness of the length of the left mainstem 
vessel is helpful in preventing selective perfusion of 
either the circumflex or the left anterior descending 
branch in patients with a short left mainstem vessel. 
Selective hyperperfusion of one vessel, usually the 
left anterior descending branch, with concomitant 
underperfusion of the second vessel may cause severe 
myocardial derangements including posterolateral 
infarction and subendocardial hemorrhage.®? This 
risk would be even greater if the underperfused ves- 
sel were the dominant left circumflex artery. 

Although our study clearly demonstrates a relation 
between the length of the left main coronary artery 
and the pattern of coronary arterial dominance, the 
reason for this relation is not clear. It may be specu- 
lated that the mechanisms that determine which cor- 
onary artery will assume dominance in the embryo 
also influence the point of merger of the left anterior 
descending and circumflex coronary arteries. How- 
ever, we are not aware of any definitive information 
on this subject. 


References 


1. Sones FM Jr, Shirey EK: Cine coronary arteriography. Mod Con- 


cepts Cardiovasc Dis 33:735-738, 1962 


. 788 December 1974 The American Journal of CARDIOLOGY Volume 34 


2. James TN: Anatomy of the Coronary Arteries. New York, Paul B. 
Hoeber, 1961 


= = , t * uL I ? te. 
AA. TE PETN w^. T A E, Gc" are S| 


. Schlesinger MI: Relation of anatomic pattern to pathologic condi- 
tions of the coronary arteries. Arch Pathol 30:403-415, 1940 

. Judkins MP: Selective coronary arteriography |. A percutaneous 
transfemoral technique. Radiology 89:1040—1047, 1967 

. Bradford Hill A: Principles of Medical Statistics. New York, Ox- 
ford University Press, 1971, p 143-151 

. Fox C, Davies MJ, Webb Peploe MM: Length of left main coro- 
nary artery. Br Heart J 35:796-798, 1973 


December 1974 The American Journal of CARDIOLOGY Volume 34 


LENGTH OF LEFT MAIN CORONARY ARTERY—KRONZON ET AL. 


o 


8. 


Green GE, Bernstein S, Reppert EH: The length of the left main 
coronary artery. Surgery 62:1021—1024, 1967 

Furlong MB, Gardner TJ, Gott VL, et al: Myocardial infarction 
complicating coronary perfusion during open heart surgery. J 
Thorac Cardiovasc Surg 63:185-192, 1972 


. Spencer FC, Malette W: Technical considerations of coronary 


perfusion during aortic valve replacement. J Cardiovasc Surg 9: 
562-572, 1968 


789 


p^, 7009 ARS e er 


ic niim? 


sag i 


= S 


| m * e d 
Hrn OGF n en ia i T 


~ 
— 


t m t 


eos — 3 
a NE N ee 


TEDD a 


— 


M LANES NEL aa 


heş 


EXPERIMENTAL STUDIES 


Functional Significance of Transverse Conducting Pathways 
Within the Canine Bundle of His 


JOHN C. BAILEY, MD* 
JOSEPH F. SPEAR, PhD? 
E. NEIL MOORE, DVM, PhD, FACC 


Philadelphia, Pennsylvania 
Indianapolis, Indiana 


From the University of Pennsylvania Schools of 
Veterinary Medicine and Medicine, Comparative 
Cardiovascular Studies Unit, Philadelphia, Pa.; 
The Krannert Institute of Cardiology, Marion 
County General Hospital, Indianapolis, Ind.; and 
the Department of Medicine, Indiana University 
School of Medicine, Indianapolis, Ind. This study 
was supported in part by Grants HL-04885, HL- 
06308, HL-05363, and HL-5749, from the U. S. 
Public Health Service, the American Heart As- 
sociation, New York, N. Y., the Herman C. 
Krannert Fund, Indianapolis, Ind., and the Indi- 
ana Heart Association, Indianapolis, Ind. Manu- 
script accepted May 14, 1974. 

* Permanent address: Department of Medi- 
cine, Indiana University School of Medicine, Indi- 
anapolis, Ind. 46202. 

+ Established Investigator of the American 
Heart Association. 

Address for reprints: E. Neil Moore, DVM, 
PhD, Comparative Cardiovascular Studies Unit, 
School of Veterinary Medicine, University of 
Pennsylvania, Philadelphia, Pa. 19174. 


790 December 1974 The American Journal of CARDIOLOGY Volume 34 


Microelectrode techniques were used to test the extent of functional 
transverse interconnections of specialized conduction fibers within the 
exposed canine bundle of His and within the right and left bundle 
branches. It was demonstrated that the activation sequence of the 
bundle branches during extracellular stimulation of the proximal His 
bundle was the same as during intracellular stimulation of single bundle 
of His cells at various locations within the His bundle. The activation 
sequence was unmodified by partial transection of the His bundle at 
numerous sites. In cases where activity was initiated in one bundle 
branch, rapid conduction proceeded across a short segment of isolat- 
ed distal His bundle to the contralateral bundle branch. We conclude 
that, when intra-His bundle conduction speed is normal, functional 
transverse interconnections within the canine bundle of His result in 
propagation of a single, uniformly advancing wave front, without longi- 
tudinal dissociation being present. 


James and Sherf! suggested that the microanatomy of the bundle of 
His provides a morphologic basis for longitudinal dissociation of con- 
duction within the His bundle. They postulated that the relative iso- 
lation of longitudinally oriented specialized conducting strands with- 
in the His bundle and the intercellular junctions within each strand 
might favor rapid longitudinal conduction within each compartment, 
more or less independent of the characteristics of conduction in cther 
isolated bundle of His strands. James and Sherf also suggested that 
the infrequent transverse interconnections among the isolated bundle 
of His strands may function only under “special circumstances, such 
as reentrant tachycardias or when some component of the longitudi- 
nal strands are interrupted by disease.””! 

Recently Lazzara et al? presented convincing evidence that 
transverse interconnections are frequent in the proximal bundle 
branches. The purpose of this paper is to present evidence demon- 
strating that, in circumstances favoring normal conduction speed, 
functional transverse interconnections in the bundle of His allow 
rapid propagation of a single wave front from the bundle of His to 
both bundle branches, and also from one bundle branch to the other 
by way of the distal bundle of His. 


Methods 


Adult mongrel dogs of either sex, weighing 12 to 15 kg, were anesthetized 
with sodium pentobarbital (30 mg/kg body weight intravenously). The heart 
was removed rapidly through a right thoracotomy and placed in warm oxy- 
genated Tyrode solution. That portion of the heart containing the atrioven- 
tricular junction, bundle of His and proximal bundle branches was excised en 
bloc and placed in a 60 ml Lucite® muscle chamber. The preparation wes su- 
perfused continuously with Tyrode solution, gassed with 95 percent oxygen 
and 5 percent carbon dioxide and maintained at a temperature of 37? C. The 







FIGURE 1. Diagram of bundle of His 
(HB), indicating location of stimulating 
and recording electrodes. Panels A to 
F demonstrate the activation se- C 
quence of the His bundle and both 
bundle branches during impalement 
and stimulation of the His bundle at 
sites A to F in the diagram. LB = left 
bundle branch; ME, = recording mi- 


croelectrode in the left bundle 
branch; MER = recording microelec- 
trode in the right bundle branch; RB E 


— right bundle branch; S, — external 
bipolar stimulating electrode on the 
proximal His bundle. Calibration 
(lower right): horizontal bar — 100 
msec; vertical bar — 100 mv. See 
text for discussion. 


Tyrode solution contained the following in millimoles per 
liter: sodium chloride 137.0, potassium chloride 2.7, magne- 
sium chloride 0.5, sodium biphosphate 0.18, sodium bicar- 
bonate 12.0, calcium chloride 2.7, glucose 5.5 (pH 7.3). 
Then, as previouslv described,? the bundle of His was ex- 
posed to the superfusant. Additionally, the muscular inter- 
ventricular septum below the bundle of His was incised to 
within 2 mm of the bundle of His. This incision, parallel to 
the plane of the interventricular septum, permitted pin- 
ning of the preparation to the floor of the muscle chamber 
so that simultaneous transmembrane recordings could be 
obtained from the bundle of His and both bundle branches. 

In some experiments a bipolar, extracellular stimulating 
electrode was placed on the proximal bundle of His, and 
the bundle was stimulated by this electrode at a constant 
basic cycle length of 400 to 600 msec at 1.5 times threshold 
intensity. Cells at different sites within the bundle of His 
distal to the extracellular stimulating electrode were im- 
paled by an intracellular microelectrode for simultaneous 
intracellular stimulation and recording.* Additionally, in- 
tracellular recordings were simultaneously obtained from 
fixed sites in the right and left bundle branches. An extra- 
cellular stimulus was omitted intermittently and replaced 
by a constant current intracellular stimulus delivered at 
threshold intensity to the impaled His bundle cell. Time 
and sequence of activation of the bundle branches during 
both intracellular and extracellular stimulation of the bun- 
dle of His could then be compared. 

In other preparations the branching portion of the bun- 
dle of His was completely transected, leaving only a 2 to 3 
mm segment of distal His bundle tissue connecting the 
bundle branches. A bipolar extracellular stimulating elec- 
trode was placed on the base of a false tendon of one of the 
bundle branches. A recording microelectrode was placed in 
a cell of that bundle branch, proximal to the stimulating 
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TABLE I 


Conduction Times* for Periods A to F in Figure 1. 





Panel S,— HB S,— RB S.—LB S;—RB S;— LB 
A 7 14 11 11 8.3 
B 7 11 10 5.6 5.0 
C 8.3 14 11 11 1.9 
D 8.3 11 11 5.6 5.6 
E 8.3 12.5 11 5.6 4.9 
F 11 11 10 5.6 4.2 


* Expressed in milliseconds, from the extracellular stimulus 
(SE) to the His bundle (HB) and right (RB) and left (LB) bundle 


branches, and from the onset of the switching artifact (S;) to — 


the right and left bundle branches. Delivery of intracellular 
current occurred after the onset of the switching artifact, ac- 
counting for the apparent increase in bundle branch activation 
time during intracellular stimulation. 


electrode. The microelectrode for both intracellular stimu- _ 


lation and recording was placed in a cell of the contralater- 


al bundle branch. With use of the stimulation program de- _ 


scribed it was possible to assess the sequence of activation 


from the site of stimulation, across the distal His bundle — 


segment to the other bundle branch. 


In some experiments 50 to 75 percent transection of ei- 


ther lateral margin of the bundle of His was performed. 


The activation sequence of the bundle branches during ex- _ 
tracellular stimulation of the proximal bundle of His was _ 


compared with bundle branch activation during intracellu- 
lar stimulation of the His bundle at numerous sites proxi- 
mal to the partial transection. 

The microelectrodes, drawn from 1 mm soft glass tubing, 
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had tip diameters of less than 0.5 u and, when filled with 3 

molar potassium chloride, had tip resistances of 15 to 30 
megohms. Conventional methods of signal amplification 
and capacitance neutralization were used. Data were dis- 
played on Tektronix 565 and 5103 oscilloscopes, recorded 
on an Ampex FR-1300 analog tape recorder and on 35 mm 
film. Interelectrode distances were estimated with the use 
of a Wild stereomicroscope fitted with a micrometer in the 
ocular. 


Results 


Bundle branch activation after bundle of His 
stimulation: We investigated bundle branch activa- 
tion during intracellular stimulation of impaled cells 
at numerous sites in eight preparations of the canine 
bundle of His. Figure 1 illustrates one such experi- 
ment. 


As indicated in the diagrammatic sketch of the prepara- 
tion, an extracellular bipolar stimulating electrode (Se) was 
placed on the proximal bundle of His, and stimuli were de- 
livered at a constant cycle length of 500 msec. Recording 
microelectrodes (MEg and MEL) were located within cells 
of the right and left bundle branches, respectively. His 
bundle cells at sites A to F were impaled by a microelec- 
trode used for simultaneous intracellular stimulation and 
recording. The extracellular stimulus was omitted intermit- 
tently and replaced by the intracellular constant current 
pulse at threshold intensity. Panels A to F refer to record- 
ings from sites A to F in the sketch. In each panel the first 
triad of action potentials represents activation during ex- 
tracellular stimulation of the proximal His bundle. The 
second triad occurs consequent to intracellular stimulation 
of the impaled His bundle cell at the site indicated in the 
diagram. During passage of the intracellular stimulus, the 
microelectrode amplifier was electronically switched from 
recording mode to stimulation mode, thereby obscuring the 
initial 3 to 6 msec of the evoked action potential. During 
the course of the experiment, activation times to the bun- 
dle branches varied slightly with extracellular stimulation. 
Nevertheless, during intracellular stimulation of cells at 
different sites within the bundle of His, the order of activa- 
tion of the right and left bundle branches was essentially 
the same as during the previous extracellularly stimulated 
sequence. The time difference between activation of the 
left and right bundle branches was also nearly the same 
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FIGURE 2 Top, sketch indicating complete transection 
of the bundle of His (HB) at the origin of the common 
left bundle branch. Bottom, activation of the left and 
right bundle branches across the distal isolated His 
bundle. MEg = recording microelectrode in left pos- 
teroinferior fascicle; MEng(s;a; = microelectrode for si- 
multaneous stimulation and recording; other abbrevia- 
tions as in Figure 1. Calibration as in Figure 1. See 
text. 


with both stimulation modes. Furthermore, the order and 
time of activation were not altered when deeper cells of the 
His bundle were intracellularly stimulated. 


Table I provides the activation times from the ex- 
tracellular and intracellular sites of stimulation to 
the various recording sites in Figure 1. Qualitatively 
similar data were obtained in the other seven experi- 
ments. 

Bundle branch activation after transection of 
distal bundle of His: The data depicted in Figure 2 
are from one of four experiments in which the distal 
bundle of His had been completely transected. 


As indicated in the sketch, the right bundle branch and 
the left bundle branch were in continuity only by means of 
a 3 mm long section of distal His bundle. A bipolar extra- 
cellular stimulating electrode (S) was placed at the base of 
the posteroinferior left fascicle. The top tracing (LB) was 
recorded by microelectrode (ME; g) from the subendocar- 
dial portion of the left posteroinferior fascicle, proximal to 
the stimulating electrode. The bottom tracing (RB), from 
the subendocardial portion of the right bundle branch, was 
recorded by the microelectrode through which an intracel- 
lular stimulus could be delivered [MEgg(s/g]. During ex- 
tracellular stimulation of the left fascicle at a constant 
basic cycle length of 400 msec the impaled left bundle 
branch cell was activated after 6.5 msec. The right bundle 
branch cell was activated 17.5 msec after delivery of the ex- 
tracellular stimulus. Thus, interelectrode conduction time 
from the left to the right bundle branch during extracellu- 
lar stimulation was 11 msec. 

In the second sequence the extracellular stimulus was 
omitted and replaced by an intracellular stimulus of 
threshold intensity delivered to the impaled right bundle 
branch cell (second action potential, bottom tracing). 
Phase 0 of the resultant action potential is distorted be- 
cause of rapid, electronic switching of the microelectrode 
from recording-to stimulation-to recording mode. Activa- 
tion of the impaled left bundle branch cell occurred after 
11.4 msec. Thus, interelectrode conduction time in either 
direction between the right and left bundle branches and 
during either extracellular or intracellular stimulation was 
essentially the same. Frequent impalement of cells of the 
connecting section of His bundle verified that the activa- 
tion sequence was from one bundle branch to the His bun- 
dle to the other bundle branch. Moreover, the method of 
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FIGURE 4 (above). Top, sketch of a His bundle after 50 percent transection extend- — 
C : ing from the right margin. The preparation was stimulated by an extracellular stimulat- — 
ing electrode. Recording microelectrodes ME,,s, MErg and MEap monitored activation 3 


RB—- 
of the His bundle, right bundle branch and anterosuperior fascicle of the left bundle 
branch, respectively. Bottom, dissociation of conduction between the His bundle cell - 
AD n. and cells of the left anterosuperior fascicle and right bundle branch. Conduction block - 


to the bundle branches is equal and simultaneous. See text. Calibration as in Figure 1. 


longitudinally splitting the muscular interventricular sep- 
tum precluded transseptal propagation from one bundle 
branch to the other. In the experiment depicted in Figure 
2, the distance between microelectrodes was approximately 
20 mm. 

Bundle branch activation after 50 percent 
transection of bundle of His: Figure 3 contains a 
sketch of a preparation in which the bundle of His 
had been 50 percent transected 1 mm proximal to the 
origin of the common left bundle branch. The inci- 
sion extended from the right lateral margin of the 
bundle of His. | 


An extracellular, bipolar stimulating electrode (Se) was 
placed on the proximal bundle of His at the level of the 
central fibrous body, and the preparation was stimulated at 
a constant basic cycle length of 600 msec. Activation of the 
right bundle branch and the anterosuperior division of the 
left bundle branch was monitored continuously by record- 
ing microelectrodes MEgpg and MEap, respectively. Points 
A to C indicate cells of the bundle of His that were impaled 

at different times by the microelectrode used for simulta- 
* neous stimulation and recording. The extracellular stimu- 
lus was omitted intermittently and replaced by a constant 
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FIGURE 3 (left). Sketch of a His bundle preparation after a 50 percent transection - | 
extending from the right margin. The data demonstrate the activation sequence of the - Mà 
His bundle, right bundle branch and anterosuperior division (AD) of the left bundle dur- - 
ing both extracellular and intracellular stimulation after the transection illustrated in the - | 
sketch. See text. Abbreviations and calibration as in Figure 1. À 
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current intracellular stimulus at threshold intensity deliv- E 
ered to the His bundle cells at points A to C. d 

The recordings in Figure 3 were obtained from the prep- z 
aration illustrated in the sketch and were m.ade approxi- . 
mately 90 minutes after the partial transection. Panels A to - 
C refer to activation of the His bundle and bundle branches | 
recorded from points A to C. The first triad of action po- — 
tentials occurs consequent to extracellular stimulation of — 
the proximal His bundle; the second triad follows intracel- 
lular stimulation of the His bundle at sites A to C. In each - 
panel recordings from the right bundle branch (RB) and | 
anterosuperior division of the left bundle branch (AD) were EN 
obtained by continuous impalement of the same two cells. 
The right bundle and left bundle microelectrodes were lo- 4 
cated 25 mm and 19 mm, respectively, from the extracellu- - 3 
lar stimulating electrode. | E 

In panel A the microelectrode for both intracellular stim- . 
ulation and simultaneous recording was located 2 mm 
proximal to and on the same side as the incision of the bun- _ 
dle of His. In panel B the His bundle microelectrode was | 
located 1 mm proximal to the incision, again on the same 
side as the incision. In panel C the His bundle microelec- 
trode was located at the level of the incision, but on the left 
margin of the His bundle. 1s 
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TABLE Il 
Conduction Times* for Panels A to C in Figure 3 


Panel S.— HB S.—RB S,—AD S;,—RB S,—AD 


A 12 20 15 15 10 


B 15 20 15 20 16 
C 10 20 15 10 5 


* Expressed in milliseconds, from the extracellular stimulus 
(S.) to the His bundle (HB), right bundle (RB), left anterior 
division (AD) and from the onset of switching artifact (S;) to the 
right bundle and left anterior division. 


Table II provides the activation times from the ex- 
tracellular and intracellular sites of stimulation to 
the various recording sites in Figure 3. During extra- 
cellular stimulation of the proximal His bundle, it is 
likely that the delayed activation of sites A and B was 
due to local injury sustained during partial transec- 
tion. Local injury also probably accounted for the de- 
layed activation of the bundle branches during intra- 
cellular stimulation at sites A and B. Nevertheless, 
the order of activation and the time difference be- 
tween activation of the bundle branches was nearly 
the same during both modes of stimulation. 

 Qualitatively similar data were obtained from 
three other preparations in which the partial transec- 
tion involved the left margin of the bundle of His. 

- Dissociated conduction during partial transec- 
tion of His bundle: In one experiment using a par- 
tially transected His bundle we observed dissociation 
of conduction. As indicated by the sketch in Figure 4, 
the distal penetrating portion of the bundle of His 
had been 50 percent transected, the lesion extending 
from the right lateral margin. 


The bundle of His was stimulated by a bipolar, extracel- 
lular stimulating electrode (S,) located on the proximal His 
bundle. A recording microelectrode (MEyp) was located at 
the level of the lesion but on the left margin of the bundle 
of His. Recording microelectrodes MEgp and MEAp moni- 
tored right bundle and left anterosuperior fascicle activa- 
tion, respectively. The data were recorded within 10 min- 
utes after the partial transection. Extracellular stimulation 
of the proximal bundle of His at constant cycle lengths of 
500 msec resulted in 1:1 conduction to the His bundle cell 
(HB) at the level of the lesion. However, at both the left 
(AD) and right (RB) distal recording sites, only two of 
three propagated impulses actively engaged the impaled 
bundle branch cells. Conduction block of the Wenckebach 
type existed between the cel! impaled at the level of the 
incision and the two distal recording sites. Moreover, the 
periodicity of the block was the same to both bundle 
branches. The first triad of action potentials is the termi- 
nation of a previous Wenckebach period, and the last triad 
is the initiation of a subsequent period. Interposed is a sd- 
quence of 3:2 conduction block between the His bundle cell 
and the two bundle branches. 

Before the incision was made, normal action potentials 
were recorded from all three sites, and conduction was 1:1. 
It is likely that the low amplitude, slowly rising action po- 
tentials in Figure 4 are a result of injury sustained during 
the incision. 
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Discussion 


James and Sherf! have stated that the bundle of 
His is composed of longitudinally oriented, multiple 
strands of Purkinje cells largely separated from each 
other by collagen septa. Between strands there is a 
paucity of crossover connections. These authors 
suggest that such an anatomic arrangement might 
favor “longitudinal separation of conduction within 
the normal His bundle." If one of these partially iso- 
lated conducting strands were preferentially excited, 
or if a small lesion in the bundle of His could inter- 
rupt strands destined for a bundle branch, then one 
might anticipate alteration of ventricular activation 
sufficient to produce aberration of the QRS wave 
form. 

Our data, however, demonstrate that intracellular 
stimulation of single cells of the bundle of His pro- 
duces activation of impaled cells of both bundle 
branches in a sequence similar to that seen during ex- 
tracellular stimulation of the proximal bundle of His. 
This bundle branch activation sequence is main- 
tained regardless of the location or depth of the fiber 
that is stimulated within the His bundle. Further- 
more, partial transection of the bundle of His does 
not alter the activation sequence of the bundle 
branches during either extracellular stimulation of 
the proximal His bundle or intracellular stimulation 
of His bundle cells near the incision. These data also 
demonstrate that rapid conduction from one bundle 
branch to the other can proceed by way of a short 
segment of isolated distal His bundle connecting the 
two bundle branches. Thus, our experiments indicate 
that under conditions favoring normal conduction, 
transverse conducting pathways within the canine 
bundle of His permit propagation of a uniformly ad- 
vancing wave front to the bundle branches. More- 
over, these interconnections in the distal bundle of 
His are sufficient to allow rapid conduction from one 
bundle branch, transversely. across the distal His 
bundle, to the other bundle branch. 

A recent report by Lazzara et al.? confirms the 
functional significance of transverse interconnections 
within the proximal bundle branches. They also 
found no evidence for functional isolation of conduct- 
ing strands in the rabbit bundle of His, although they 
could not visualize the sites of His bundle impale- 
ment nor did they monitor left bundle branch activa- 
tion. Watt and Pruitt,? on the other hand, reported 
limited evidence for some tract specificity in the dis- 
tal canine bundle of His. 

A recent report describes reactivation due to re- 
flection in the isolated canine bundle of His. In that 
study intra-His bundle conduction had been de- 
pressed by the addition of 13.5 millimoles of potassi- 
um to the superfusant.. Conduction block of the 
Wenckebach type between the proximal and distal 
recording sites was associated with a second depolar- 
ization of the proximal cell. When depression of con- 
duction was severe, the second depolarization often 
appeared as a spontaneous premature action poten- 
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tial of full amplitude. It was concluded that for re- 
flection to occur, the bundle of His had to have at 
least two functionally separate pathways differing 
from each other in excitability, refractoriness or abil- 
ity to conduct (for example, unidirectional block). 
Furthermore, functional longitudinal dissociation of 
conduction does not require the existence of anatom- 
ically separate conducting pathways, having been de- 
scribed in tissue in which these pathways intermingle 
more freely.’-? Similarly, on one occasion in this 
study (Fig. 4) depression of conduction, manifested 
as Wenckebach periodicity, was observed after par- 
tial transection of the bundle of His. Functional lon- 
gitudinal dissociation of conduction within the bun- 
dle of His may have been responsible for the second 
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depolarizations that interrupted phase 3 of several of - x 
the action potentials. Nevertheless, conduction block d 


to both bundle branches occurred simultaneously — 
and with equal periodicity. 


Thus, in the absence of interventions that visubt 
slow conduction, impulse propagation in the canine . 


bundle of His proceeds as a uniformly advancing sin- 
gle wave front. If transverse interconnections are im- 
portant to the maintenance of this wave front, then 


they occur sufficiently frequently to perform this B- 


function. 
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This study was designed to detect possible deleterious effects of sys- 
temic hypoxia upon the ischemic canine heart. Myocardial infarction 
was produced in intact conscious dogs by occluding either the left an- 
terior descending or the circumflex coronary artery, using a balloon 
cuff implanted around the vessel. Periods of 12, 8 and 6 percent oxy- 
gen breathing were imposed on the animals before and after acute 
myocardial infarction. Cardiac output, systemic arterial and pulmonary 
arterial pressures and the maximal rate of rise of left ventricular pres- 
sure (dP/dt) increased with hypoxia produced by breathing of 6 per- 
cent oxygen both before and after coronary occlusion. Left ventricular 
end-diastolic pressure did not increase during hypoxia after myocardial 
infarction. Thus, despite the presence of ischemic heart failure (sinus 
tachycardia, increased left ventricular end-diastolic pressure), the re- 
sponse to hypoxia was quantitatively similar to the response observed 
before coronary occlusion. Hypoxia after coronary occlusion did not 
further depress overall left ventricular function. 


Arterial hypoxemia is a common occurrence in patients with myocar- 
dial infarction.!-^ Diminished arterial partial pressures of oxygen 
(PaO»?) are noted more often in patients with congestive heart failure 
than in those without this complication; however, abnormally low 
PaO» values have also been observed in the latter in the absence of 
radiologic or clinical evidence of left ventricular dysfunction.^? 
Among the mechanisms implicated are ventilation-perfusion abnor- 
malities, right to left shunt and reduction in diffusing capacity result- 
ing from pulmonary congestion.?5-? 

Although there have been many published reports?-!? on the circu- 
latory effects of arterial hypoxemia on human beings and animals, 
the effect of reduced oxygen saturation superimposed on ischemic 
cardiac failure has not been studied in detail. 

There are theoretical reasons for believing that arterial hypoxemia 
might prove deletericus to the function of the acutely infarcted left 
ventricle, and it is widely assumed that hypoxemia resulting from 
pulmonary congestion may perpetuate a vicious cycle of cardiac de- 
pression in patients with acute myocardial infarction. To avert this 
possibility, oxygen therapy is routinely given to such patients. How- 
ever, correction of hypoxemia in patients with ischemic left ventricu- 
lar failure does not routinely improve cardiac function,!'? nor does ex- 
perimentally induced hypoxemia cause unequivocal hemodynamic 
deterioration in anesthetized animals with experimental myocardial 
infarction.!4 

In this investigation we evaluated this problem in an experimenta! 
animal preparation that closely simulates the hemodynamic findings 
in clinical myocardial infarction.!?-!? Intact conscious dogs with left 
ventricular failure resulting from acute myocardial infarction were 
studied. 
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* Four dogs. 
f Seven dogs. 
{P< 0.05. — 
§ P < 0.02. 
! P < 0.01. 
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Ten mongrel dogs weighing 23.8 + 1.1 kg (mean + stan- i Sieg e ANA DS D produced by gradual jie " En 
dard error of the mean) were used. The effect of graded «m 
hypoxia on the blood gases and hemodynamic status of ani- Procedure E 
mals with myocardial infarction was assessed by delivering One to 2 weeks after implantation of the balloon cuff de- _ 
to them reduced oxygen concentrations before and after an vices, the animals were lightly sedated with 15 mg of mor- M 
acute coronary occlusion. The animal model and the tech- phine sulfate (injected intramuscularly) given at least 3  . 
nique used have been described previously in detail.!? One hours before the first hemodynamic and blood gas mea- ^. 
to 2 weeks before the study the animals underwent thora- surements were made. Under local anesthesia with 2 per- — 
cotomy under anesthesia induced by pentobarbital sodium, cent lidocaine (Xylocaine*), both femoral arteries and one. 
30 mg/kg body weight, and balloon cuff devices were im- femoral vein were isolated. A no. 7F Cournand catheter was a 
planted around the left anterior descending and circumflex advanced in retrograde fashion to the left ventricle, and a T 
5 
TABLE | ^y 
Hemodynamic Data in 10 Dogs During Breathing of Hood Air and 12, 8 and 6 Percent Oxygen Before Acute Myocardial Infarction 5 
(mean + standard error of the mean) RN 
Ambient Air* Hood Air 12 % 0, Hood Air 8 950, Hood Air 6 26 Ost Hood Airt 3 
$ 
Heart rate (beats/min) 86 + 10 95 + 6 101+ 6 98 + 6 Hos 36 ^3093.7 115 + 51 94--8 13 
Cardiac output (liters/min) 5.12 + 0.85 4.66+ 0.41 4.782- 0.25 4.482- 0.20 4.90 = 0.29 4.48+ 0.24 5.59 — 0.32!! 4.06 + 0.35 i 
Stroke volume (ml/beat) 61.324- 12.7 51.32 6.0 48.34 2.7 47.320 3.6 45.843.2 46.220 3.1 48.742.4 43.64 5.1 » 
Aortic mean pressure 98+ 4 108 + 4 1112 4 1112-4 119 + 31 117+ 4 125 + 3.0!! 119+ 5 E 
(mm Hg) d 
Pulmonary arterial mean 7.224 1.0. 12.42 1.5 12.341.7 12.324 1.3 13.80 1.9 13.041.3 20162- 3:51. IMP DU ' 
pressure (mm Hg) ‘4 
Left ventricular end- 7.0+ 0.9- 8.341.3 7.641.3 8641.4 8.241.5> 8441.6 10.94 3.9 6.84 2.77439 
diastolic pressure jd 
(mm Hg) 3 
Total systemic resistance 1672 + 268 1978+ 168 1897+ 85 2021479 2026 116 21314105 1812+ 103 2422 + 247 | 
(dynes sec cm-*) | d 
Total pulmonary resistance 218+ 45 253 + 36 236 + 24 233 + 21 253 + 21 247 + 16 293 + 52 263 + 38 -. d 
(dynes sec cm~’) , N- 
Left ventricular dP/dt 4383 + 696 3987+ 299 4394+ 326 4471+ 374 5926+ 537!! 5034+ 429 6435+ 914$ 5360+ 588 E. 
(mm Hg/sec) M 
Exposure time (min) 25.8 9.5 16+ 0.7 17.82: 0.9 14.120 1.1 17.141.0 90+1.8 18 x21 
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no. 8F Cournand catheter was similarly positioned in the - 


ascending aorta; a no. 7F Swan-Ganz catheter was ad- 
vanced to the pulmonary artery by way of the femoral vein. 
Pressure recordings were made on a direct-writing recorder 
(Gould Brush-480) using Statham P23Db transducers with 
zero set at the mid-chest level. 

Cardiac output was measured by the indicator-dilution 
method using indocyanine green dye, a Gilford densitome- 
ter (model 1031R), a Harvard withdrawal pump and a 
strip-chart recorder (Hewlett-Packard model 17500A). In- 
jection was made into the pulmonary artery with sampling 
from the descending aorta. The dilution curves were cali- 
brated after completion of the study by aspirating three 
_ dilutions of dye in blood through the densitometer. Curves 

were extrapolated on semilogarithmic paper, and the Stew- 
art-Hamilton method was used for computation of cardiac 
output.?? Arterial partial pressures of oxygen (PaO) and 
carbon dioxide (PaCO2) and pH were measured with a 
blood gas analyzer (Radiometer, Copenhagen) immediately 
after collection of the blood specimens; blood was then 
reinfused into the animals. Hemoglobin and hematocrit de- 
terminations were obtained at the start and at the comple- 
tion of the study (model S Coulter Counter, Coulter Elec- 
.tronies of New England, Inc.) Oxygen saturation values 
were derived from the values for PaO;, pH and tempera- 
ture of the animals, using Rossing's nomogram.?! Tempera- 
ture was measured at frequent intervals, using a rectal 
probe connected to a Tele-Thermometer (Yellow Springs 
Instrument). A flow-through plastic hood placed over the 
head of the animal was used to deliver the gas 
_mixtures.!!:22 Flow rates through the hood were set at 15 li- 
ters/min. 


Experimental Design 


Animals were studied according to the following proto- 
col: 


TABLE II 


1. The effect of the gas delivery system was assessed by 
making measurements in four animals during breathing of 
ambient air, and again after placement of the plastic hood 
through which air was delivered. All 10 animals were stud- 
ied during a control state while breathing air delivered 
through the plastic hood (hood air). 

2. Graded hypoxia was produced by delivering 12, 8 and 
6 percent oxygen in nitrogen while measurements were 
made (Fig. 1; Table I). Gas mixtures were analyzed by the 





Dogno.202  wt.- 24 kg 

H.R. ( beats/min) 
C.O (L/min) 
AO (mmHg) 
PA (mmHg) 
LVEDP (mmHg) 
EXPOSURE 

Se NUS a Du a CP LIRE 

MINUTES 22 15 I5 13 14 8 16 25 20 15 13 15 II I5 

E Hood Air LJ%0, 


FIGURE 2. Heart rate (H.R.), cardiac output (C. O.), aortic mean 
pressure (AO), pulmonary arterial mean pressure (PA) and left ven- 
tricular end-diastolic pressure (EVEDP) changes during breathing of 
hood air and low oxygen concentrations in one animal. Numbers in 
bar show percent of oxygen in inspired gas. Numbers under bar 
represent duration of exposure in minutes. Coronary occlusion was 
produced during the break in the lines. In this particular animal the in- 
crease in cardiac output during hypoxia after onset of myocardial in- 
farction was not as marked as usual (see Table Il). 


Hemodynamic Data in 10 Dogs During Breathing of Hood Air and 12, 8 and 6 Percent Oxygen After Acute Myocardial Infarction 
ooo ori t Sm EC REED MM or: MCN Mo CREDE Seer 


Hood Air 


12 % 0, 


Hood Air 


8 % Ov 


Hood Air 


6 % 0,* 


Hood Air* 


MEM ————— ———P—— Ma€— E € 


Heart rate (beats/min) 130 + 8! 134 4 8 133 + 8 136 + 8 133 :b 7 136 + 3 134+ 6 

Cardiac output (liters/min) —3.92-- 0.39 4.16+0.42 4.3340.41 4.8540.47 4.2840.44 5.354 0.458 4.64+ 0.51 

Stroke volume (ml/beat) 31.224- 2.8! 31.724 2.9 33.2 223.1 35.6 + 3:1 32.9 3- 3.8 38.5 + 2.4 35.232 3.7 

Aortic mean pressure 11g 3E 5 117 + 4 111 zx 4 115 + 5 108 + 5 1201 2:31 104+ 5 

Pulmonary arterial mean 18.6 + 1.8! 19.6 2.1 18.0 + 1.9 21.4 —- 1.8 18.4 + 1.7 26.5 + 2.01 20.3 4- 1.0 
pressure (mm Hg) 

Left ventricular end- 15.93: 1:38 — 16.32E 1.3 16.0 2- 1.5 15.6 1.2 15.42 1.2 17.83- 3,1 13.8 + 0.9 
diastolic pressure 
(mm Hg) 

Total systemic resistance 2602 + 290 2487 + 245 2220 + 220 2066 + 198 2184 + 204 1926 + 181 1921 + 223 
(dynes sec cm~’) 

Total pulmonary resistance 429 + 53] 438 + 46 373 + 45 427 4- 39 376 + 37 413 + 36 347 + 53 
(dynes sec cm ^9) 

Left ventricular dP/dt 4256 + 445 4649 + 423 4424 + 359 4506 + 296 4106 + 32€ 4726 + 5191 4004 + 478 
(mm Hg/sec) 

Exposure time (min) 16.8 + 2.0 15.6 + 2.2 15.0+ 0.8 13,335 1.0 16.0+ 0.8 I3 1.2 14.7 x: 1i 


MS cam LU Tett ELM amer Ear c Her MTM T CU SE, ee Sr AE 00200 UE DU POINTE | ee. Te NA | 


Statistical comparisons of the first hood air measurements are with the last hood air measurements of Table I. 


* Seven dogs. 
t P « 0.05. 

ł P< 0.02. 

§ P< 0.01. 

!! P < 0.005. 
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Scholander method.?? Control air breathing periods (hood 
air) were interposed between hypoxia challenges to allow 
return to control conditions (Fig. 1, Table I). However, only 
seven animals tolerated breathing of 6 percent oxygen; the 
remainder became restless and the study was discontinued. 

3. After completion of these studies of low level oxygen 
breathing, myocardial infarction was produced by occlud- 
ing either the left anterior descending (eight dogs) or the 
circumflex (one dog) coronary artery. One animal under- 
went total occlusion of the circumflex artery with partial 
occlusion of the left anterior descending coronary artery. 

4. The protocol given in (2) was again applied 1 hour 
after production of myocardial infarction, to assess the ef- 
fects of hypoxia on ischemic cardiac failure (Fig. 1, Table 
II). 

5. A fixed sequence of measurements, which consisted of 
sampling for blood gas determinations followed by hemo- 
dynamic and cardiac output measurements, was carried out 
in duplicate at each experimental stage. 


Calculations and Data Analysis 


Measurements made included determination of heart 
rate and aortic, left ventricular and pulmonary arterial 
pressures. The maximal rate of rise of left ventricular pres- 
sure (dP/dt) was obtained directly from the left ventricular 
pressure tracing by electronic differentiation. 

Total systemic resistance (dynes sec cm~) was calculat- 
ed”? as: 

Aortic Mean Pressure (mm Hg) X 80 


Cardiac Output (liters/min) 


Total pulmonary vascular resistance (dynes sec cm~°) 
was calculated” as: 


Pulmonary Arterial Mean Pressure (mm Hg) x 80 
Cardiac Output (liters/min) 

The data were analyzed as follows: 

1. Measurements obtained during the breathing of vari- 
ous oxygen mixtures were compared statistically with those 
obtained during the preceding control periods of hood air 
breathing. 

2. The final control measurements obtained after expo- 
sure to 6 percent oxygen before myocardial infarction were 
compared with those obtained 1 hour after coronary occlu- 
sion. 

3. Data obtained after the production of myocardial in- 
farction were analyzed as in the preinfarction phase (as in 
1). 

4. Duplicate values for cardiac output, blood gases and 
pressures for each study period were averaged and then 
used in the analysis. Comparisons were made by paired t 
testing, and the mean and standard error of the mean 
values are presented. 


Results 


The data are summarized in Figure 1 and Tables I 
and II. Figure 2 illustrates the changes produced in 
certain variables during the total experimental peri- 
od in a typical experiment. No alterations were ob- 
served as a result of application of the gas delivery 
system (Fig. 1, Table I). The levels of hypoxemia, hy- 
pocapnia and respiratory alkalosis were recorded 
during all exposures to hypoxia, and the differences 
from findings during the preceding periods of hood 
air breathing were uniformly significant (Fig. 1). 
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Comparable levels of hypoxia were reached during - 
exposures to the same oxygen concentrations before — 
and after coronary occlusion: paired £ testing of — 
PaO», PaCO» and pH during administration of 12, 8 
and 6 percent oxygen before and after myocardial in- | 
farction yielded no significant differences (P >0.05). 





Preinfarction Phase M 
Heart rate, cardiac output, aortic mean and pulmo- i 


nary arterial mean pressures and left ventricular . 
dP/dt increased during hypoxia challenges before in- d 
farction; stroke volume, left ventricular end-diastolic E 
pressure and vascular resistance were not altered sige 
nificantly (Fig. 2, Table I). 1 

No significant hemodynamic changes were noted. E 
during breathing of 12 percent oxygen. Heart rate in- — dn 
creased during breathing of 8 and 6 percent oxygen : i 
(15 + 6 percent during the latter). Cardiac output in- - 
creased by 21 + 5 percent during breathing of 6 per- — 
cent oxygen, and aortic mean pressure increased Dems 3 
ing breathing of 8 and 6 percent oxygen, with a maxi- | 
mal increase of 13 + 3 percent during the latter expo- | 
sure. There was a 49 + 17 percent increase in pulmo- — 
nary arterial mean pressure during breathing of 6 - 
percent oxygen. Left ventricular dP/dt increased 24 . 
+ 5 percent and 27 + 6 percent, respectively, during . 






breathing of 8 and 6 percent oxygen (Table I). M £ 
No arrhythmias were noted during this phase of- * 
the study. E 
ch 


Production of Myocardial Infarction 
Six of the 10 dogs required 25 to 50 mg bolus injec- - a 


tions of lidocaine during the initial 15 minute period : i: 
after coronary occlusion to suppress frequent ventric- - A 
ular premature beats or short bursts of ventricular - d 
tachycardia. Coronary occlusion was accompanied by * 
initial peaking of T waves, followed by S-T elevation $ 
on the electrocardiogram. The initial hemodynamic 
measurements were carried out at least 1 hour after 
administration of lidocaine. Ventricular premature 
beats were often observed in the initial 30 minute 
postocclusion period, but subsided almost completely 
thereafter. 

One hour after coronary occlusion, no dana 
were present in the blood gases in comparison with — 
the preceding control values. Heart rate, pulmonary . 
arterial mean pressure, left ventricular end- diastolic — 
pressure and total pulmonary vascular resistance — 
were increased in comparison with values in the V; 
preinfarction state. Pulmonary arterial. mean pres- | 
sure had a striking increase of 43 + 12 percent. A de- © 
crease in stroke volume was observed after coronary — 
occlusion, but cardiac output remained unchanged as — 
a result of cardioacceleration (Fig. 2, Table II). l 


mu L^ 
ure 
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Postinfarction Phase 

A 22 + 6 percent increase in cardiac output was | 
noted during the breathing of 6 percent oxygen. À git 
+ 3 percent increase in the mean aortic pressure, a 32 
+ 11 percent increase in mean pulmonary arterial — 


i 
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| pressure and a rise in left ventricular dP/dt of 22 + 7 


percent were also noted during breathing of 6 per- 
cent oxygen. No significant hemodynamic changes 
were observed during the periods of breathing 12 and 
8 percent oxygen (Fig. 2, T'able IT). 

Notably absent after coronary occlusion was any 
effect of low oxygen concentrations on the heart rate; 


the latter variable proved to be the least sensitive to 


the insult of hypoxia when values were compared 
with those in the preinfarction phase (Fig. 2, Tables I 
and II). Left ventricular end-diastolic pressure did 


not change significantly with hypoxia, although it 


_ tended to increase during breathing of 6 percent oxy- 
gen. Comparison of all variables during hood air 


breathing after exposure to 6 percent oxygen with 
- those measured during hood air breathing before this 
exposure did not reveal any lasting effects from this 


lowest oxygen concentration; paired t testing yielded 


. no significant differences (P 70.05) (Fig. 2, Table II). 


Again, no arrhythmias were noted in relation to low 
oxygen concentration in this phase of the study, de- 
spite the presence of acute myocardial injury. The re- 


 spective hemoglobin and hematocrit values were 12.9 
+ 0.7 g/100 ml and 39.0 + 2.7 percent at the begin- 
ning of the study. The corresponding values at the 
termination of the experiment were 12.1 + 0.7 g/100 


inl and 35.8 + 2.2 percent. The total duration of the 
study was 5 hours, 24 minutes + 16 minutes. 
In four animals killed 2 to 5 days after the study, 


the presence of myocardial infarction was verified by 


gross and histologic examination. Although the ex- 


tent of myocardial necrosis was not quantitated in 


this experimental group, in our previous experience 


_ such infarcts involved an average of 34 percent of the 
left ventricular myocardium (range 22 to 49 per- 
recent)! 5.» 


Discussion 


There has been considerable controversy con- 


 cerning the hemodynamic effects of hypoxia.!? Cer- 
tain changes are almost uniformly observed in both 
experimental conscious animals and man, including 
-cardioacceleration and increases in cardiac output, 


pulmonary arterial pressure and pulmonary vascular 


resistance; changes in the systemic arterial pressure 


and systemic vascular resistance are more vari- 
able.9.1012.14,2427 Although the systemic circulatory 


changes are widely attributed to activation of the 


sympathetic nervous system, they are quite depen- 
dent upon the experimental conditions; thus, investi- 


_gators have devoted considerable attention to the rel- 


ative importance of levels of hypoxia, degree of ac- 
companying hypocapnea, duration of hypoxic stimu- 
lus and presence or absence of anesthesia. !924,25,28,29 
In normal man and in unanesthetized experimental 
animals, circulatory changes are invariably detected 


- when PaO, is less than 50 mm Hg (oxygen saturation 


approximately 75 percent) although changes occur 
first with an oxygen saturation of less than 85 per- 
cent.9.12.25,5 More profound hypoxemia may result in 
marked circulatory stimulation, but this finding has 
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necessarily been demonstrated only in animal experi- 
ments.?*?? PaO; levels of around 30 mm Hg can lead 
to reduced cardiac output in anesthetized animals.?4 
Steady state changes due to hypoxia usually occur 
within 5 minutes of inception!! although hemody- 
namic stabilization occasionally requires more time. 4 
Presence of anesthesia exerts marked independent 
effects upon the circulatory response to hypoxia,!0:28 
causing greater increases in cardiac output at lesser 
degrees of unsaturation?^ and a reduction rather than 
an increase in peripheral vascular resistance.14:?! 

The levels of hypoxia to which animals were 
subjected in our study were deliberately chosen to 
produce PaO» values in the range encountered clini- 
cally in patients with acute myocardial infarc- 
tion. 2:483? In fact, more profound levels of hypoxia 
are not readily tolerated by unanesthetized animals, 
and several dogs in our study could not be given the 6 
percent oxygen mixture. Some investigators, using 
environmental chambers, have succeeded in attaining 
severely depressed PaO»s values (approximately 25 
mm Hg) in awake animals?*?9; however, this type of 
intervention may be of little clinical significance, 
since patients with myocardial infarction complicat- 
ed by congestive heart failure or cardiogenic shock 
seldom have such low PaO» values.'2:45,32 

Hypoxia and myocardial function after infarc- 
tion: Hypoxia directly depresses myocardial 
tissues,2°,33,34 as has been demonstrated in both iso- 
lated muscle strips and isolated and intact perfused 
preparations. The levels of reduction in PaQg re- 
quired to produce such cardiac depression are much 
lower than those achieved in the intact animals of our 
present study. Contractile strength increased with 
moderate hypoxia and decreased with severe hypoxia 
in a study using a canine left ventricular prepara- 
tion.?? However, there are reasons to believe that sys- 
temie hypoxia of mild to moderate degree might 
exert a deleterious effect upon the function of acutely 
infarcted myocardium. Presumably, coronary occlu- 
sion results in infarction largely through the mecha- 
nism of focal myocardial hypoxia, although other fac- 
tors such as pH changes and accumulation of metab- 
olites may also play a role. To the extent that tissues 
at the interface between hypoxic and residual normal 
myocardium are influenced by PaO» of systemic arte- 
rial blood, overall cardiac performance might be in- 
flueneed by arterial hypoxemia.?? The net circulatory 
effect of hypoxia would depend upon the relative 
magnitude and importance of local myocardial fac- 
tors as opposed to response of the systemic circula- 
tion. Schroll et al.!4 in a previous study in experimen- 
tal canine infarction, carried out in open chest anes- 
thetized dogs, indicated that the circulatory response 
to hypoxia was more blunted or attenuated after acute 
myocardial infarction than during the control state. 
'They concluded that adaptation to hypoxia might be 
impaired in the presence of infarction. Lack of such 
differences in the conscious dogs in our study casts 
some doubt upon the interpretation of this earlier 
work. The ventricular irritability noted by Schroll 
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et al.'* was not observed during hypoxia in the pre- 
infarction phase of our study. 

Hemodynamic changes during hypoxia, before 
and after coronary occlusion: The profile of hemo- 
dynamic changes observed in our study after coro- 
nary occlusion has been previously encountered in 
animal studies, and closely simulates the hemody- 
namic findings in patients with myocardial infarc- 
tion.+!617 These changes are quite different from 
those that occur in anesthetized animals.!^!^ Lido- 
caine given during the initial 15 minutes after coro- 
nary occlusion probably did not affect the hemody- 
namic variables measured 1 hour after occlusion, 
since the half-life of lidocaine is only 13 minutes.?6 
Hemodynamic changes in response to low level oxy- 
gen breathing were similar before and after myocar- 
dial infarction. This observation is in contrast to 
findings in the study of Schroll et al.!4 in anesthe- 
tized animals. Left ventricular end-diastolic pressure 
in our study did not change significantly with hypox- 
ia. 
It is possible that the animals would have a differ- 
ent hemodynamic response with greater degrees of 
oxygen unsaturation or more prolonged exposure to 
hypoxia, or both; the latter has been known to de- 
press myocardial function and to cause different he- 
modynamic alterations from those observed after 
short-term exposures to hypoxia.*’ However, deterio- 
ration was not seen with repeated exposure to hypox- 
ia. Again, only occasional ventricular premature 
beats, decreasing in frequency with time after coro- 
nary occlusion,?5 were observed during this phase of 
the experiment, but the frequency was not increased 
by hypoxia. 

'The most notable finding of our study was the vir- 
tually identical nature of the hemodynamic changes 
during graded hypoxia before and after acute myo- 
cardial infarction. Evidently the acutely depressed 
focally ischemic canine left ventricle is fully capable 
of responding to increasing levels of hypoxia in a 
fashion similar to the normal heart. That no evidence 
of cardiac depression during hypoxia after infarction 
was observed may imply that no significant mass of 
critically ischemic myocardium was influenced by 
transiently reducing the PaO». Furthermore, immedi- 
ate return of hemodynamic values to control levels 
after restoration of hood air breathing following each 
period of hypoxia and at the completion of the study 
might imply that no residual myocardial injury exist- 
ed. It is also possible that a zone of depressed but via- 
ble myocardium surrounding an area of ischemia, al- 
though incapable of showing a mechanical response 
to hypoxia or reoxygenation, might be further injured 
and converted to nonviable tissue by the hypoxic in- 
sult, a phenomenon that would not be detected by 
measurements of overall left ventricular perfor- 
mance. Since the performance of the ischemic part of 
the ventricle was not measured directly, any func- 
tional change in the ischemic segment during expo- 
sure to hypoxia might have been masked by compen- 
satory changes in the nonischemic areas. Catechol- 


TOV 


amines, which are released during hypoxia, can im- — 
prove the overall performance of the heart transient- ~ 
ly, at the cost of increasing infarct size.°® We do not — 
have data on catecholamine levels of these animals _ 
during the hypoxic period. On the other hand, cate-  - 


cholamine release in human beings and animals oc- 
curs only with more severe hypoxia than that pro- 


duced in our study.^?*! Some other effects of hypoxia - 
that might theoretically contribute to myocardial | 
damage by increasing oxygen demands of the heart - 
include the increase in cardiac output and after- 


load.*? 


The normal response of the infarcted ventricle to- 
hypoxia in terms of increased cardiac output and . 
dP/dt implies that the experimentally infarcted ca- 
nine ventricle possesses a considerable inotropic re- 
serve, as has been observed with other inotropic in- . 
terventions.? However, heart rate did not change — 


during hypoxia after myocardial infarction. Car- 
dioacceleration after myocardial 


upon the heart, could not cause a further increase.*? 


Clinical implications: Despite these theoretical 
considerations, the direct depressant effect of hypox- | 


ia on heart muscle?^ favors the continued use of oxy- 
gen therapy in patients with acute myocardial infarc- 


tion and hypoxemia. However, our study indicates — 


that (1) the acutely infarcted canine left ventricle is 
remarkably responsive to the cardiostimulatory ef- 


fects of short periods of hypoxemia, (2) lasting hemo- — 
dynamic effects do not occur, (3) arrhythmias are not 
provoked, and (4) the ischemic ventricle behaves in — 


virtually normal fashion despite the presence of mild 
to moderate left ventricular failure. The applicability 
of our canine model to the complex coronary isch- 
emic lesions seen in patients with myocardial infare- 
tion is uncertain; it is possible that the ischemic ven- 
tricle of these patients responds differently to hypox- 
emia, especially when it exists for longer periods of 


time. The sum total of the evidence available from — 


our experiment and other reported experiments and 
clinical observations suggests that, despite the direct 
depressing effects of hypoxemia on cardiac muscle at 
low levels of PaO», the focally ischemic myocar- 


dium responds in an unimpressive way to alterations . 


in PaOs within the range encountered clinically and 


in our study. Further studies on the effect of pro- 


longed hypoxemia (similar in degree and duration to 


that seen clinically) upon infarct size and overall car- < 


diac performance are needed to elucidate the impor- 
tance of hypoxia in the acute phase of myocardial in- 


farction and to place use of oxygen in the coronary . - 
care unit on a scientific rather than an empirical ` 


basis. 
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infarction may - 
largely be due to parasympathetic withdrawal so that - 
hypoxia, possibly acting by a similar mechanism - 
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Both medical and surgical therapy are available for the treatment of | 


aortic dissection. To help determine which form of treatment is indicat- 
ed for which patients, all cases of aortic dissection at the Peter Bent 
Brigham Hospital from 1963 to 1973 were reviewed. The most impor- 
tant feature in determining the patient’s clinical status and response to 
therapy was the site of dissection, that is, the ascending or descending 
aorta. 

Of 31 patients with dissection of the ascending aorta, 26 had one or 
more of the following contraindications to medical therapy: congestive 
heart failure (8 patients), hemopericardium (8 patients), new aortic in- 
sufficiency (13 patients) or jeopardized carotid or coronary arteries (4 
patients). Medical therapy was successful in only 1 of 9 patients with 
dissection of the ascending aorta; 17 of 22 patients having surgical 
correction of this lesion did well and were discharged. 


The clinical status of the 14 patients with dissection limited to the 


descending aorta was quite different. None had a contraindication to 


medical therapy. Medical therapy was instituted in all 14, and was suc- _ 


cessful in 6; dissection progressed in 8 patients despite medical thera- 
py, and subsequent surgery was successful in only 2. 

We conclude that the treatment of choice for dissection of the as- 
cending aorta is prompt surgical therapy. In patients with dissection 
limited to the descending aorta, medical therapy is usually feasible and 
often successful. 


Dissection of the aorta is an uncommon disease that is lethal without 
therapy. In a collected series of 963 untreated patients, 83 percent 
were dead in 1 month, and only 8 percent were alive at 1 year.! The 
extensive experience of DeBakey et al.* demonstrated that surgery 
could lower the high mortality rate of this disease. Although reports 
from other surgical centers were at first discouraging,’ ^ it is now 
clear that surgical intervention can reduce mortality and enhance the 
long-term prognosis of patients with aortic dissection.5-? 

Wheat et al.? demonstrated that intensive medical therapy—aimed 
at reducing blood pressure and, more importantly, blunting the con- 


tractility of the left ventricle—could also reduce the mortality of aor- - 
tic dissection. Their six patients treated in this manner survived for 


at least 15 months. In the 9 years since medical therapy was first ad- 
vocated for dissection, the reported indications and contraindications 
for use of this approach have varied widely.!?-!* 


Thus, within a 10 year period, two different and effective forms of 
therapy were introduced for a disease that had previously been nearly — 


always fatal. The purpose of this analysis was to determine which 
form of therapy is most appropriate for which patients with aortic 
dissection. In a medical center that is equipped to offer either form 


of therapy, one might ask: What is the clinical profile of the patient : 


who is best suited for medical therapy? Which patients need urgent 
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TABLE | 


Past Cardiac History of 45 Patients with Dissection of 
Thoracic Aorta 


Ascending Descending 
Aorta Aorta 
(no. = 31) (no. — 14) 
History of hypertension 15 10 
Treatment for hypertension 9 6 
LVH by electrocardiogram 11 3 
History of Al murmur 6 e" 
CHF prior to acute event 3 1 


= *Qne had previous dissection of ascending aorta, and one 
had rheumatic heart disease with aortic insufficiency. 

— Al = aortic insufficiency; CHF = congestive heart failure; 
LVH = left ventricular hypertrophy. 


TABLE Il 
Duration of Symptoms Before Admission 


Ascending Descending 
Aorta Aorta 
< 1day 14 2 
2 to 6 days 4 4 
7 days to 1 month 3 5 
1 month to 1 year 8 3 
>1 year 2 0 
Total 31 14 


surgical intervention? Once therapy has been select- 
ed, what are its acute and long-term results? 

To help answer these questions, the clinical course 
and results of therapy were assessed in all patients in 
whom the diagnosis of dissection of the thoracic aorta 
was established at the Peter Bent Brigham Hospital 
between September 1, 1963 and September 1, 1973. 


Case Material 


A review of all pertinent records revealed that the diag- 
nosis of aortic dissection was established by angiography, 
surgery or at postmortem examination in 45 patients dur- 
ing this 10 year period. The diagnosis was confirmed by an- 
giographic findings in 36 cases (80 percent) and at surgery 
in 30 cases (67 percent). The number of cases per year 
ranged from 1 to 11. There were only 13 cases from 1963 to 
1968, but 32 cases in the 5 years from 1969 through 1973. 

'The dissection involved the ascending aorta in 31 cases 
(69 percent). In two of these cases dissection was limited to 
the ascending aorta (type II, DeBakey's classification?). In 
the other 29 patients, the dissection extended beyond the 
origin of the great vessels. Dissection began in and was lim- 
ited to the descending aorta in 14 cases (31 percent). 


Clinical Profile 
Age and Sex 


Twenty-eight patients were men, 17 were women. They 
ranged in age from 22 to 85 years (mean age 55 years); 25 
patients (56 percent) were under age 60. Patients with dis- 
section of the descending aorta were somewhat older (mean 
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TABLE Ill 
Cardiac Status and Blood Pressure on Admission 
Ascending Descending 


Aorta . Aorta 
(no. = 31) (no. = 14) 


Al murmur 19 2 
CHF 8 1 
Hemopericardium 8 0 
Compromise of major arteries* 17 1 
Systolic blood pressure 
(mm Hg) 
180+ 6| 6| 
160-179 5, 45% 5> 86% 
140-159 3J 1 | 
120-139 5 1 
100-119 4 1 
<100 8 0 
Total 31 14 
Mean systolic pressure 134 176 


* Carotid, femoral, subclavian or coronary arteries. 
Al = aortic insufficiency; CHF = congestive heart failure. 


age 59) than those with dissection of the ascending aorta 
(mean age 53). 


Past Medical History (Table I) 


Hypertension had been documented in 56 percent of the 
patients before the episode of dissection, but only 15 (33 
percent) were receiving antihypertensive therapy. Hyper- 
tension was most common in patients with dissection of the 
descending aorta (10 of 14; 71 percent) than in those with 
dissection of the ascending aorta (15 of 31; 48 percent). Six 
patients with dissection of the ascending and two with dis- 
section of the descending aorta had had an aortic diastolic 
murmur for at least 1 year before admission. Only four pa- 
tients had a history of congestive heart failure. In three of 
these four cases, the heart failure was due to aortic insuffi- 
ciency. 


The Acute Episode 


The duration of symptoms before admission is shown in 
Table II. Although 16 patients were admitted within 24 
hours of the onset of symptoms, 13 entered the hospital 
more than 1 month after the onset of symptoms. Patients 
with dissection involving the ascending aorta reported to 
the hospital more promptly than did those with dissection 
limited to the descending aorta. 

The presenting symptoms in all but four patients were 
chest or back pain, or both. Two of these four patients were 
the two patients with type II dissection. Of the 31 patients 
with dissection of the ascending aorta, 27 had anterior 
chest pain and 14 had associated back pain. Ten patients 
with dissection of the descending aorta had back pain and 
nine had anterior chest pain. Of five patients whose pain 
was limited to the back, four had dissection of the descend- 
ing aorta. 


Status at the Time of Admission 


Systolic blood pressure: Of the 31 patients with dissec- 
tion of the ascending aorta only 45 percent had a systolic 
pressure of 140 mm Hg or more (Table III), whereas 8 (26 
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ALIVE AT F/U ALIVE AT F/U 
2 (22%) 14 (64%) 


FIGURE 1. Dissection of the ascending aorta, 1963-1973: Results 





of treatment (Rx) in 31 cases. F/U = follow-up. 


percent) were hypotensive (systolic pressure less than 100 
mm Hg) on admission. In direct contrast, 12 of the 14 pa- 
tients with dissection of the descending aorta were hyper- 
tensive (systolic pressure greater than 140 mm Hg) and 
none were hypotensive on admission. The mean systolic 


pressure for patients with dissection of the descending 


aorta (176 mm Hg) was significantly greater than that of 
patients with dissection of the ascending aorta (134 mm 
Hg) (P < 0.01). 

Cardiac status on admission: There was a marked dif- 
ference in the cardiac status of patients with dissection of 
the ascending and descending aorta on admission (Table 
III). Nineteen (61 percent) of the 31 patients with dissec- 
tion of the ascending aorta had evidence of aortic insuffi- 
ciency, and 8 had congestive heart failure; in 13, the 
murmur of aortic insufficiency was new. Only 2 of the 
14 patients with dissection of the descending aorta had aor- 
tic insufficiency; in both cases it had been previously noted, 
and only one had congestive heart failure. Similarly, com- 
promise of major arteries was far more frequent in dissec- 
tion of the ascending (17 of 31) than of the descending (1 of 
14) aorta. Eight patients with dissection of the ascending 
aorta had evidence of hemopericardium on admission. 


Choice of Therapy 


Throughout the decade covered by this review, the indi- 
cations for medical and surgical therapy for dissection at 
this institution varied; however, there was an increasing 
trend toward surgical treatment of dissection of the as- 
cending aorta (Table IV). Primary surgical therapy was 
performed in 17 of the last 19 cases of this lesion. There 
was a less striking increase in the selection of surgical ther- 
apy to treat dissection of the descending aorta. 


Results of Therapy 


Dissection of the Ascending Aorta 


Medical therapy (Fig. 1): Nine of the 31 patients 
with dissection of the ascending aorta received medi- 
cal therapy alone. Four of these patients were hypo- 
tensive on admission and received only supportive 
treatment; all four died within 24 hours of admission. 

The other five patients were hypertensive on ad- 


. mission. None had aortic insufficiency, congestive 
— heart failure or pulse loss on admission. They re- 


ceived various combinations of the medications gen- 
erally recommended for the medical management of 


=- dissection: trimethaphan, reserpine, guanethidine, 


.. propranolol and alpha methyldopa. In these five pa- 
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TABLE IV 
Choice of Treatment, 1963-1973 








Ascending Aorta Descending Aorta 
Cases Surgery Cases Surgery 
(no.) (no.) (nc.) (no.) 
1963-1967 12 J PS 
1968-1971 8 6 6v 2 y 
1972-1973 H 11 225.555 
Total 31 22 (71 percent) 14 8 (57 percent) 
TABLE V 


Profile of 22 Patients Having Surgical Repair of Dissection 
of the Ascending Aorta 





Patients 
(no.) 

Hypotension 

(systolic blood pressure «100 mm Hg) 5 
Aortic regurgitation 16* 
Congestive heart failure 7 
Pulse loss 14 
Any of above 21 (95%) 
Two of above 16 (73%) 


* New in 11 patients. 


tients, definitive medical therapy was successful in 


only two: one is alive and well at follow-up 30 months 


later, and one is alive but is incapacitated by two late 
cerebrovascular accidents. | 

Three patients died while receiving medical thera- 
py, one of progressive congestive heart failure and 
two of pericardial tamponade secondary to extension 
of the dissection into the pericardium. Thus, of nine 
patients with dissection of the ascending aorta who 
were not treated surgically, only one was alive and 
well at follow-up. 

Surgical treatment of dissection of the ascend- 
ing aorta (Fig. 1): Twenty-two patients had primary 
surgical therapy. In 14 cases, operation was per- 
formed on the day of admission. Before operation, 16 


patients (73 percent) had evidence of aortic regurgi- - ; 2 1 


tation, 14 (64 percent) had compromise of at least 
one major artery, 7 had congestive heart failure and 5 


had hypotension (Table V). Sixteen patients had two p 4 


or more of these complications. 

Surgical treatment consisted of obliteration of the — 
false lumen distally and proximally, by oversewing 
the edges of the transected aorta, and resection and 
replacement of the ascending aorta with a woven Tef- 
lon? graft. Seven of the 16 patients with aortic insuf- - 
ficiency had aortic valve replacement in addition to 
repair of the dissection. In the other nine patients 
with aortic insufficiency, the latter was corrected by 
resuspension of the aortic valve. In four patients, — 
sandwiching operations of Teflon and a patch graft _ 
were used.!? All operations were performed with the 
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SURVIVED 
2 


SURVIVED 
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| 


ALIVE AT F/U 
14 (78 %) 





FIGURE 2. Dissection of the ascending aorta, 1963-1973: Results 
of surgical treatment in 22 cases. 


TABLE VI 


Contraindications to Medical Therapy on Admission 


Ascending Descending 
Aorta Aorta 
(no. = 31) (no. = 14) 
CHF 8 1 
Hemopericardium 8 0 
New Al 13 0 
Jeopardized carotid 
or coronary arteries 4 0 
26 (84%) 1 (7%) 


Any of above 


Al = aortic insufficiency; CHF = congestive heart failure. 


use of cardiopulmonary bypass and hemodilution. 
The heart was protected by local cardiac hypother- 
mia without coronary perfusion. !® 

Seventeen (77 percent) of the patients treated sur- 
gically did well and were discharged. Three died dur- 
ing follow-up: One patient with Marfan’s disease died 
of a dissection of the descending aorta 4 years later, 
one died during aortic valve surgery 2 years after the 
dissection, and one died of progressive congestive 
heart failure 1 month after discharge. There were five 
surgical deaths (23 percent): Two patients with shock 
secondary to tamponade on admission died of pro- 
longed low cardiac output within 24 hours postopera- 
tively. Two patients with congestive heart failure sec- 
ondary to severe aortic insufficiency had aortic valve 
replacement in addition to replacement of the as- 
cending aorta and could not be taken off cardiopul- 
monary bypass. The fifth patient had had aortic 
valve replacement 1 year before the acute dissection; 
at operation marked destruction of the ascending 
aorta presented insurmountable technical difficul- 
ties. 

The results of surgical correction according to the 
presence or absence of cardiac tamponade with shock 
are shown in Figure 2. Only 1 of 4 patients with 
tamponade and shock was alive at follow-up but 15 
(83 percent) of 18 patients without tamponade before 
operation survived and were discharged, and 14 (78 
percent) were alive at follow-up. 
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FIGURE 3. Dissection of the descending aorta, 1963-1973: Results 
of therapy. 


Therapy of Dissection of the Descending Aorta 


Medical: The results of therapy in the 14 patients 
with dissection of the descending aorta are shown in 
Figure 3. The primary treatment in all 14 cases was 
medical and was successful in 6 patients (43 percent), 
all of whom were alive at follow-up in 1973. 

Surgical: Surgery was required in eight patients 
because of the failure of medical therapy even though 
blood pressure was adequately controlled in six of the 
eight. Progression of the dissection was evidenced by 
persistent or recurrent pain in four cases, and en- 
largement of the aorta in the other four. 

Correction was performed through a left thoracoto- 
my with femoral venoarterial partial bypass for per- 
fusion of the distal aorta during the period of aortic 
interruption. The false lumen was obliterated, and 
the involved segment was replaced with a woven Tef- 
lon graft in each case. Only two of the eight surgically 
treated patients survived. Four patients died intra- 
operatively of hemorrhage. One died of persistent 
shock 24 hours postoperatively, and one died of acute 
renal failure and persistent hemorrhage 10 days after 
the operation. 


Discussion 


Our primary finding was that the clinical profile of 
patients with dissection involving the ascending 
aorta is quite different from that of patients with dis- 
section limited to the descending aorta. This differ- 
ence in the status of patients with dissection of the 
ascending aorta has an important impact on the 
choice of medical or surgical therapy. 

Contraindications to medical therapy: The orig- 
inal report of Wheat et al.? recommended surgical 
treatment for all patients with dissection of the aorta 
except those with severe congestive heart failure due 
to aortic insufficiency, significant compromise of a 


TABLE VII 


Reported Results of Treatment of Dissection of Aorta 


Ascending Aorta 


Medical 
Year no. Survived no. 
Daily et al.’ 1970 9 3 14 
Attar et al.? 1971 5 0 11 
McFarland et al.!? 1972 6 2 »- 
Present series 1974 9 2 22 
Total 29 7 (24%) 47 


* Medical treatment, instituted in all 14 patients, was unsuccessful in 8 patients who died after secondary surgical treatment; the 


remaining 6 patients, treated only medically, survived. 


branch of the aorta, or life-threatening hemorrhage.? 
One of these gross contraindications to medical ther- 
apy was present in more than half of our 31 patients 
with dissection of the ascending aorta, but none were 
found in the 14 patients with dissection of the de- 
scending aorta. 

We believe that there are four contraindications to 
medical therapy of aortic dissection (Table VI). First, 
the presence of congestive heart failure or pericardial 
tamponade precludes a form of treatment intended 
to depress cardiac function. Similarly, we believe that 
hypotensive therapy is inappropriate in patients with 
newly acquired aortic insufficiency. The experience 
of treatment of patients with acute aortic insufficien- 
cy due to bacterial endocarditis makes it clear that 
this lesion is poorly tolerated, and carries a high mor- 
tality rate due to the development of intractable left 
heart failure.!^!5 A fourth contraindication to medi- 
cal therapy is the presence of symptomatic coronary 
or cerebral ischemia due to the compromise of coro- 
nary or carotid arteries by the dissection. Nearly all 
(84 percent) of our patients with dissection involving 
the ascending aorta had one or more of these con- 
traindications to medical therapy. 

Therapeutic indications in dissection of as- 
cending aorta: Whereas medical therapy is rarely 
feasible in patients with dissection of the ascending 
aorta, our results indicate that surgical therapy is 
feasible and quite effective. Of 18 patients who did 
not have cardiac tamponade before operation, 15 (83 
percent) survived and were discharged, and 14 were 
alive at follow-up (Fig. 2). There is no evidence from 
our series that early emergency surgery carries an in- 
creased risk. On the contrary, of 14 patients who had 
emergency surgical repair on the day of admission, 12 
survived and were discharged. 

Other reports?^? have also demonstrated that the 
results of surgery for dissection of the ascending 
. aorta have dramatically improved in the past few 
years (Table VII). The survival rate of a total of 47 
patients with surgical repair of dissection of the as- 
cending aorta was 68 percent; in direct contrast, only 
24 percent of 29 medically treated patients with this 
lesion survived. We believe that our results and those 
of others clearly indicate that the most appropriate 
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Descending Aorta 
Surgical Medical Surgical 
Survived no. Survived no. Survived 
10 5 4 7 5 
5 8 4 10 4 
ue 10 8 2. 
17 14/6* 6 8 2 
32 (68%) 29 22 (76%) 25 11 (44%) 


therapy for patients with dissection involving the as- 


cending aorta is prompt surgical correction. 

Therapeutic indications in dissection of de- 
scending aorta: The clinical profile and results of 
therapy in patients with dissection limited to the de- 


scending aorta were quite different. None of our 14 - 


patients in this category had an urgent indication for 


surgical therapy on admission. Medical therapy was - 


thus feasible, and was instituted in all 14; 6 did well 
and were discharged. Surgery was performed in eight 


patients whose dissection progressed despite medical . 
therapy. Only two of these eight survived; four of the — 
six deaths occurred in the operating room as a result — 


of hemorrhage. It seems clear that extensive athero- 
sclerosis often complicates resection in dissection of 
the descending aorta. Other investigators^9!? have 


reported similar results in patients with this lesion - 


(Table VII); only 11 of 25 patients survived surgical 
therapy, but 22 of 29 (76 percent) survived medical 
therapy. 


We conclude from our experience and that of oth- - 
ers that medical therapy is feasible in most patients — 


with dissection of the descending aorta, and is suc- 
cessful in more than half. Surgical therapy, after 
medical therapy has failed, has a high risk. It might 


be argued that surgery should be undertaken sooner - 


in patients with dissection of the descending aorta; 


however, we believe that the higher risk of surgical 
repair of dissection of the descending aorta reflects —. 
the difference between the pathogenesis of this dis- — 


ease and that of dissection of the ascending aorta. 


Clinical implications: On the basis of these re- 3 s 
sults, it is our policy to perform aortography as soon 


as aortic dissection is suspected. If the patient is hy- 
pertensive, we begin an infusion of trimethaphan in 


dosage sufficient to reduce the systolic pressure to 4 
110 to 120 mm Hg. If the aortogram shows dissection — — 


involving the ascending aorta, we proceed to immedi- 


ate surgical repair unless there is severe associated _ 


medical disease. If the dissection is limited to the de- 
scending aorta, and there are no absolute contraindi- 
cations to medical therapy, we begin the hypotensive 
regimen outlined by Wheat,!^ reserving surgical in- 
tervention for those cases in which dissection pro- 
gresses despite medical therapy. 
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Sixteen patients with preinfarction angina unresponsive to medical 
therapy were treated by counterpulsation with the intraaortic balloon 
pump. Chest pain and electrocardiographic changes were abolished or 
significantly decreased in all but one patient. Counterpulsation reduced 
peak systolic blood pressure, but had little effect on pulmonary capil- 
lary wedge pressure or cardiac output. Coronary anatomy was then 
defined by coronary angiography. Significant obstructive atherosclero- 
sis of the main left or left anterior descending coronary artery was 
present in all but one patient. All patients underwent coronary revascu- 
larization by saphenous vein aortocoronary bypass graft. Fifteen of 16 
patients survived the operation. All survivors are clinically improved, 
and 13 are completely asymptomatic from 1 to 20 months postopera- 
tively. 


The management of patients with preinfarction angina is a challenge 
to all physicians. Also known as intermediate coronary syndrome, 
crescendo angina or impending myocardial infarction, the syndrome 
is responsible for about 20 to 30 percent of all the admissions to coro- 
nary care units.^? The immediate mortality rate has been reported to 
be about 6 percent, and follow-up studies among survivors suggest 
that the 1 year mortality rate is similar to that of transmural myocar- 
dial infarction.?-? 

Beta adrenergic blockade with propranolol is widely used in the 
management of preinfarction angina.!? About 85 percent of patients 
treated with adequate doses of propanolol! experience complete relief 
of chest pain and regression of electrocardiographic abnormalities. 
For those patients not responding favorably to beta adrenergic block- 
ade or in whom propranalol is contraindicated, emergency coronary 
angiography and coronary revascularization may properly be consid- 
ered despite evidence that patients with acute ischemia do not toler- 
ate cardiac surgery as well as those operated upon electively.!!-15 

'The demonstrated effectiveness of the intraaortic balloon pump in 
reestablishing a favorable balance between myocardial oxygen supply 
and demand!6-?* suggested that counterpulsation might be of value 
in treatment of patients with preinfarction angina. Counterpulsation 
diminishes ventricular afterload, increases coronary perfusion pres- 
sure, causes redistribution of coronary flow in favor of ischemic 
areas,” and may open dormant coronary collateral channels.?927 Ex- 
perience has shown that the intraaortic balloon pump relieves the 
chest pain of patients with preinfarction angina and temporarily cor- 
rects the hemodynamic and electrocardiographic instability of these 
seriously ill patients.?8 

During the past 20 months we have managed 16 patients with 
preinfarction angina using a combination of intraaortic balloon 
pumping and coronary artery bypass grafts. 
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Materials and Methods 

Sixteen patients with chest pain were treated with in- 
traaortic balloon counterpulsation followed by cardiac 
catheterization and coronary revascularization. The 12 men 
and 4 women selected for management in this manner had 
a mean age of 52 years (range 42 to 66 years) and the fol- 
lowing clinical findings: (1) severe anginal chest pain recur- 
ring on a regimen of strict bed rest and unresponsive to ni- 
troglycerin; (2) S-T segment changes during pain; (3) no 
significant elevation in serum glutamic oxaloacetic trans- 
aminase, glutamic pyruvic transaminase or lactic dehydro- 
genase levels; (4) failure to respond to adequate treatment 
with propranolol, or the presence of contraindications to its 
use; and (5) absence of significant peripheral vascular dis- 
ease. Infrequent chest pain, changes in the pattern of pre- 
viously stable angina, or chest pain without S-T segment 
changes were not sufficient criteria for inclusion in the 


- study group. 


Four of the 16 patients were in the hospital being treated 
for an acute myocardial infarction when recurrent chest 


.. COUNTERPULSATION FOR PREINFARCTION ANGINA—WEINTRAUB ET AL. 


pain suggestive of new myocardial ischemia developed. The 
other 12 patients were admitted for severe chest pain and 
were placed on a regimen of strict bed rest for 2 to 9 days 
(mean 4 days). Ten patients were given propranolol in in- 
creasing doses until the heart rate decreased to less than 60 
beats/min or the systolic blood pressure was reduced to less 
than 100 mm Hg. Four patients were not given propranolol 
because of preexisting bradycardia (one patient), severe di- 
abetes mellitus (one patient), congestive heart failure (one 
patient), or hypotension with pain (one patient). T'wo pa- 
tients who had frequent and severe attacks of chest pain 
accompanied by marked precordial S- T elevation (8 and 16 
mm, respectively) were not given a full trial of propranolol. 
A temporary transvenous right ventricular pacing elec- 
trode, central venous catheter, Swan-Ganz flow-directed 
catheter and radial arterial cannula were inserted in each 
patient before initiation of intraaortic balloon pumping. 
Pulmonary arterial, pulmonary capillary wedge and radial 
arterial pressures were recorded on an Electronics for Med- 
icine multichannel recorder. In two patients (Cases 2 and 
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= Summary of Clinical, Angiographic and Follow-Up Data of 16 Patients 


Case Age (yr) Previous Effect of Vessels Follow-up 
no. & Sex MI New MI IABP on Pain Diseased VesselsT Revascularized (mo) Results 
PES toe A... he 


1 65M Yes No 44-4 LAD, RCA LAD, RCA, 17 Improved; 
LCx LCx recurrent angina 
2 47M No No +++ LAD LAD 19 Asymptomatic 
3 56M No Yes: +++ RCA RCA 13 Asymptomatic 
21 days before 
IABP 
4 51M No Yes* ++ LAD LAD 11 Asymptomatic 
5 47F No Yes* +++ ML LAD 20 Asymptomatic 
6 48M Yes No +++ LAD, LCx LAD, LCx 19 Asymptomatic 
7 66M Yes Yes* +++ LAD, LCx LAD, RCA 15 Asymptomatic 
RCA 
8 59M Yes No +++ LAD, RCA RCA 16 Nonfatal MI 
6 months post- 
op; NYHA class I! 
9 52M Yes No +++ LAD, LCx, RCA, LCx 14 Asymptomatic 
RCA, (MR) (MVR) 
10 44M No No Tc LAD, LCx LAD, LCx, 8 Asymptomatic 
RCA RCA 
11 39F Yes Yes: 0 LAD, LCx, LAD, LCx Died in operating 
6 days before RCA rcom 
IABP 
12 63M Yes No + LAD, LCx LAD, LCx 7 Asymptomatic 
RCA RCA 
13 54F No No +++ LAD, RCA LAD, RCA 7 Asymptomatic 
14 42M Yes Yes: +++ LAD, RCA LAD 2 Asymptomatic 
21 days and 2 
days before 
IABP 
15 57M Yes No tr LAD, LCx, LAD, LCx, 2 Asymptomatic 
LDiag, RCA LDiag 
16 49F No Yes: +++ LAD, RCA RCA 1 Asymptomatic 
10 days before 
IABP 
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* — unsuspected before surgery; t = 70 percent stenosis, occlusion or obliteration; IABP = intraaortic balloon pumping; LAD = 
left anterior descending artery; LCx = left circumflex artery; LDiag = diagonal branch of LAD; MI = myocardial infarction; ML = main 
left coronary artery; (MR) = mitral regurgitation; (MVR) = mitral valve replacement; NYHA = New York Heart Association; + = re- 
duction in severity of pain; ++ = reduction in frequency and intensity of pain; +++ = pain totally abolished. RCA = right coronary 
artery. 
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6) a coronary sinus catheter was inserted through the medi- 
an basilic vein for measurement of myocardial lactate ex- 
traction. The intraaortic balloon (AVCO Intra-Aortic Bal- 
loon Pump, Model IABP-7) was then introduced through a 
3/8 inch woven Teflon® sleeve anastomosed to the common 
femoral artery. Hemodynamic measurements were record- 
ed during balloon pumping and were compared with simi- 
lar measurements made 5 minutes after discontinuation of 
counterpulsation. Cardiac output was determined by the 
dye-dilution method during and 5 minutes after discontin- 
uation of balloon pumping in 12 patients. 

Coronary and left ventricular angiography were per- 
formed within 24 hours of the initiation of balloon pump- 
ing. The technique of transfemoral catheterization during 
counterpulsation used in this laboratory has been de- 
scribed previously.?? Fifteen patients were operated upon 
within 24 hours of angiography. One patient underwent op- 
eration 72 hours after angiography. Except for the brief pe- 
riods when hemodynamic measurements were taken, in- 
traaortic balloon pump support was continuous from the 
time of balloon insertion, through cardiac catheterization, 
induction of anesthesia and surgery, and was maintained 
for 0 to 12 days postoperatively (mean 2.1 days). 


Results 


Clinical data: All patients tolerated balloon inser- 
tion, cardiac catheterization and angiography with- 
out significant complications. Upon initiation of in- 
traaortic balloon pumping, 13 patients experienced 
complete relief of pain, 2 patients showed a marked 
decrease in frequency and severity of the pain, and 
the condition of 1 patient (Case 11) was unimproved. 
All except one patient (Case 11) experienced no fur- 
ther electrocardiographic changes and survived sur- 
gery. In addition to the four patients already being 
treated for acute myocardial infarction, three other 
patients had gross epicardial evidence of fresh anteri- 
or wall injury at the time of operation. Detailed find- 
ings are presented in Table I. 

Electrocardiographic data: Nine patients had 
electrocardiographic evidence (Q waves) of old myo- 
cardial infarction (six in the inferior leads, two in the 
right precordial leads, and one in both inferior and 
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OFF BALLOON ON BALLOON 
FIGURE 1. Effect of intraaortic balloon counterpulsation on systolic 
_ blood pressure in patients with preinfarction angina. 


anterior precordial leads). All patients had signifi- 
cant S-T segment abnormalities with pain. Seven pa- 
tients had significant S-T depression (one in the infe- 


rior leads and six in the left precordial leads), and - 
seven patients had significant S-T elevation (three in © 


the inferior leads, one in the right precordial leads 


and three in the left precordial leads). One patient 


had S-T elevation in the inferior leads and S-T de- 
pression in the left precordial leads. One patient had 


significant S-T elevation in the right precordial leads ` 
and S-T depression in the inferior leads. All patients 


save one (Case 3) had electrocardiographic evidence 


of old injury or new ischemia in the precordial leads. - 
Intraaortic balloon pumping abolished S-T abnor- — 


malities in 15 patients. 


Hemodynamic data: The effect of intraaortic bal- 


loon pumping on systolic blood pressure is shown in 
Figure 1. All patients had a decrease in peak systolic 
pressure; counterpulsation did not affect mean arte- 
rial blood pressure except in Patient 7. The pulmo- 


nary capillary wedge pressure was unaffected by | 


counterpulsation in most patients; the largest de- 
crease (from 21 to 18 mm Hg) was observed in Pa- 
tient 9, who had acute mitral regurgitation as well as 
angina (Fig. 2). Counterpulsation had little effect 
upon cardiac index in most patients (Fig. 3); the larg- 
est increase (from 2.2 to 3.0 liters/min per m?) was 
observed in Patient 7, who had three vessel disease 
and became severely hypotensive whenever counter- 
pulsation was discontinued. At operation àn acute 
anterior wall infarction was noted. Counterpulsation 
dramatically reduced lactate production from +63 to 
+19 percent in Patient 2 and from +44 to —24 per- 
cent in Patient 6. 

Angiography: Coronary angiography demon- 
strated significant coronary artery disease (at least 
one major coronary artery having greater than 70 
percent reduction in diameter) in all patients. One 
patient (Case 3), had sustained an inferior myocar- 
dial infarction 6 days before angiography and was 
found to have severe stenosis of a dominant right cor- 
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OFF BALLOON ON BALLOON 
FIGURE 2. Effect of intraaortic balloon counterpulsation on pulmo- 
nary capillary wedge pressure in patients with preinfarction angina. 
PCw = mean pulmonary capillary wedge pressure. 
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; FIGURE 3. Effect of intraaortic balloon counterpulsaton on cardiac 
index in patients with preinfarction angina. 


onary artery. One patient had significant stenosis of 
the main left coronary artery. The remaining 14 pa- 
tients had either severe stenosis, complete occlusion 
or obliteration of the left anterior descending coro- 
nary artery, either alone or in combination with other 
lesions. In 14 of the 16 patients, there was one major 
vessel with severe stenosis, delayed filling and no col- 
lateral flow to the distal segment. Patient 9 had sig- 
nificant mitral regurgitation. 

Operative data: All 16 patients underwent opera- 
tion. Anesthesia was induced without significant hy- 
potensive episodes or arrhythmias in all but one pa- 
tient. It was not necessary to institute cardiopulmo- 
nary bypass precipitously in any patient. The opera- 
tive technique used was essentially the same for all 
patients. A Travenol bubble oxygenator was primed 
with Ringer’s lactate, 5 percent dextrose solution and 
albumin, and a Pemco roller pump was used. Proxi- 
mal aortosaphenous anastomoses for grafts to the left 
anterior descending and right coronary arteries were 
usually constructed before cardiopulmonary bypass 
was begun. Moderate hypothermia (28° C) and left 
ventricular venting were utilized in all patients. The 
heart was continuously bathed with cold (approxi- 
mately 5° C) Ringer’s lactate, which usually obviated 
the need for electrically induced fibrillation. The ap- 
propriate coronary arteries were isolated with silastic 
tapes. The aorta was cross-clamped infrequently, and 
then only for short periods of time. All distal anasto- 
moses were carried out with a combination of inter- 
rupted and continuous 7-0 Tevdek® or Prolene® su- 
ture. Mechanical coronary endarterectomy of the left 
anterior descending artery (one patient) and right 
coronary artery (one patient) was performed when 
indicated. 

Seven patients had a single coronary artery bypass 
graft (four, left anterior descending artery; three, 
right coronary artery), four patients had double by- 
pass grafts, one patient had double bypass grafts and 
mitral valve replacement, and four patients had tri- 
ple bypass grafts. Patient 11, who was operated upon 
6 days after an acute inferior myocardial infarction 
and whose chest pain and precordial lead S-T abnor- 
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malities were unrelieved by counterpulsation, did not 
survive surgery. Extensive distal occlusive coronary 
disease had been noted at angiography and was con- 
firmed at surgery and postmortem examination. 

Follow-up data: Patients have been followed up 
from 1 to 20 months (mean 11 months). One patient 
(Case 8) had an uncomplicated acute nonfatal myo- 
cardial infarction after a 6 month symptom-free in- 
terval. Another patient has noted the return of mild 
angina. Thirteen patients are completely asymptom- 
atic. 


Discussion 


During the past 20 months, 16 patients with pre- 
infarction angina have received treatment in a stan- 
dardized manner. All patients had angina decubitus 
associated with transient — electrocardiographic 
changes and did not respond to medical therapy. 
Electrocardiographic abnormalities consisted of S-T 
elevation or depression that was present only with 
chest pain. Coronary angiography in all cases re- 
vealed severe stenosis of one or more major coronary 
arteries. 

Prognosis and results of treatment of “prein- 
farction angina”: It is difficult to compare our 
group of patients with other reported series because 
the natural history of the intermediate coronary syn- 
drome is not precisely known. Kirklin? has pointed 
out that “... many subgroups must exist within the 
group of patients said to have unstable preinfarction 
angina no matter how one defines this group of pa- 
tients.” Despite problems of definition, certain con- 
clusions may be drawn. 

In a review of 100 consecutive admissions to coro- 
nary care units for acute coronary insufficiency, 
Kraus et al. described a 20 percent mortality rate in 
the 22 months after diagnosis. Gazes et al.” described 
140 patients with preinfarction angina and a 12 
month mortality rate of 18 percent. A subgroup of 54 
patients had prolonged attacks of angina continuing 
after 48 hours of bed rest, and S-T changes or bundle 
branch block during pain. This “high risk” group had 
a 12 month mortality rate of 43 percent and a cumu- 
lative 24 month mortality rate of 53 percent. Our 16 
patients appear to fit into this high risk category. 
The group described by Gazes et al.” were not treated 
with propranolol. Since propranolol was ineffective 
or eontraindicated in all but two of our patients, it is 
possible that the prognosis in our patients might 
have been worse. Under these circumstances we felt 
justified in adopting an aggressive approach in the 
treatment of patients in this high risk category. 

Evaluation of the results of surgery in preinfarc- 
tion angina is obscured by the same problems of defi- 
nition. The surgical mortality rate reported in pa- 
tients with unstable angina ranges between 4.3 and 
22 percent.!!-15-831-83 Despite this variation in re- 
ported series, it is probable that the surgical mor- 
tality rate in patients with acute ongoing ischemia is 
higher than in patients with stable angina operated 
upon electively. The precarious cardiac reserve in 


those with ongoing ischemia is illustrated by the sig- | 
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nificant mortality noted during induction of anesthe- 
sia in some patients.?? The application of intraaortic 
balloon pumping to patients undergoing coronary an- 
giography and surgery for preinfarction angina may 
reduce the surgical mortality to that seen in elective 
coronary revascularization. 

Results of treatment with counterpulsation: In 
15 of our 16 patients there was either complete aboli- 
tion or marked reduction in pain and associated elec- 
trocardiographic changes after the institution of in- 
traaortic balloon pumping. The physiologic mecha- 
nisms whereby the latter relieves ischemic pain are 
not completely understood. Jacobey?? has suggested 
that counterpulsation may open dormant collateral 
vessels, but his observations await confirmation. 
Since counterpulsation increases mean diastolic aor- 
tic pressure, coronary blood flow may be expected to 
increase. However, the only relevant data have been 
derived from patients with cardiogenic shock. Muel- 
ler et al.,!/ using the !?!iodine antipyrine technique, 
found a 33 percent increase in coronary blood flow. 
Using the same technique, Leinbach et al.?? found no 
consistent effect of counterpulsation on coronary 
blood flow; flow decreased in half the patients and re- 
mained unchanged or increased in the other half. Al- 
though total myocardial blood flow may not increase 
during counterpulsation, experimental evidence 
suggests a significant redistribution of flow in favor 
of ischemic areas.?? Probably of greatest importance 
is the observation that counterpulsation causes a sig- 
nificant reduction in left ventricular afterload. The 
resulting decreased left ventricular wall tension re- 
duces myocardial oxygen consumption, creating a 
more favorable balance between myocardial oxygen 
supply and demand. The marked reduction in lactate 
production seen in Patients 2 and 6 lends support for 
this hypothesis. 

Reversal of ischemia creates favorable conditions 
for performing cardiac catheterization, coronary an- 
giography and surgery. We noted no significant hypo- 


tensive episodes during cardiac catheterization. In- 


duction of anesthesia was uneventful in 15 of 16 pa- 


tients. As an added benefit, counterpulsation allowed 
us to treat these acutely ill patients in semielective 
fashion. The patients could conveniently be added to 
the cardiac catheterization or operative schedule, and 
It was not necessary to perform major cardiac surgi- 
cal procedures under less than optimal elective con- 
ditions. 

A number of significant complications have been 
reported in patients undergoing intraaortic balloon 
pumping,?^ and we have encountered complications 
while treating patients for cardiogenic shock. Com- 
plications directly related to balloon pumping did not 
develop in any of the patients treated for preinfarc- 
tion angina but the regimen is obviously not applica- 
ble to patients with significant peripheral vascular 
disease. Our general experience with intraaortic bal- 
loon pumping suggests that the incidence of vascular 
complications tends to increase with advancing age. 

Clinical implications: Evaluation of the long- 
term results of coronary revascularization is current- 
ly under study in many centers. The comparative 
safety and effectiveness of medical and surgical ther- 
apy of preinfarction angina are currently undergoing 
evaluation in a multicenter random study. At the 
present time no definitive judgment can be made 
concerning long-term graft patency or benefit in 
terms of survival. Nevertheless, 15 of our 16 patients 
have survived surgery and 13 of the survivors are 
completely asymptomatic although none have been 
studied angiographically since surgery. Our experi- 
ence confirms that of Gold et al.,?5 who reported sim- 
ilar results with a comparable group of patients, Con- 
sidering the probable high mortality rate in this spe- 
cial high risk subgroup of patients with preinfarction 
angina unresponsive to medical therapy, we believe 
that an aggressive approach combining counterpulsa- 
tion with angiography and surgery is warranted at 
this time. 
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Idiopathic Hypertrophic Subaortic Stenosis 
Long-Term Surgical Follow-Up 


ABDUL J. TAJIK, MB, FACC The results of surgery in 43 patients with idiopathic hypertrophic 
EMILIO R. GIULIANI, MD, FACC subaortic stenosis are reported. Twenty-eight patients were male and 
WILLIAM H. WEIDMAN, MD 15 female; their mean age was 34 years. Dyspnea, angina pectoris 
ROBERT O. BRANDENBURG, MD, FACC and dizziness or syncope were the most common symptoms, in de- 
DWIGHT C. McGOON, MD creasing frequency. Before the operation, 3 patients were in New York 
Rochester, Minnesota Heart Association functional class |, 9 in class Il and 31 in classes Ill 





and IV. The mean resting peak ventricle-arterial systolic pressure gra- 
dient was 77 mm Hg (39 patients), and mean left ventricular end-dia- 
stolic pressure was 22 mm Hg (34 patients). The operative mortality 
rate was 16 percent (7 of 43 patients) for the entire group, but only 8 
percent for patients who underwent isolated left ventricular outflow 
tract myectomy (3 of 36 patients). There were four late sudden 
deaths. One patient has been lost to follow-up. The remaining 31 pa- 
tients have been followed up for a mean of 84 months (range 12 to 160 
months); 14 patients are in functional class |, 14 in class Il and 3 in 
classes Ill and IV. Of the symptomatic patients, six are taking propran- 
olol and eight are taking digitalis or diuretic agents, or both. Complica- 
tions included complete heart block in 5 patients, complete left bundle d 
branch block in 15 and left ventricular aneurysm in 3. Our study, which 
is one of the largest with the longest postoperative follow-up period, 
documents that surgery results in good to excellent alleviation of 
symptoms in survivors. We currently recommend surgery for the symp- 
tomatic patient who has not responded to therapy with propranolol. 3 
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A decade and a half has passed since Brock! first described idiopathic 
hypertrophic subaortic stenosis. Since then, the clinical, hemody- 
namic, echocardiographic, angiographic and pathologic features of 
this condition have become well established.2-’ However, the treat- 
ment of idiopathic hypertrophic subaortic stenosis has remained con- 
troversial. In symptomatic patients with significant outflow obstruc- 
tion, surgery was the treatment of choice at our institution up to the 
mid-1960's. At that time, a beta adrenergic blocking drug (propranol- 
ol) was introduced, and since then the number of patients undergoing 
operation has decreased. 'T'he long-term follow-up of patients treated 
with propranolol will be reported separately. Our overall experience 
with the surgical treatment of idiopathic hypertrophic subaortic ste- — 
nosis, along with long-term follow-up of these patients, is presented 
here. The initial experience with the surgical treatment of 16 of these 
patients has been reported previously.? 


Patients 
From the Mayo Clinic and Mayo Foundation, 


Rochester, Minn. Manuscript accepted March From 1958 through 1972, idiopathic hypertrophic subaortic stenosis was 


27, 1974. diagnosed in 128 patients, of whom 43 underwent operation. The first patient 
Address for reprints: Abdul J: Tajik, MB, Mayo was operated on in February 1958. He was a 35 year old man who had “valvu- 

» Clinic and Mayo Foundation, Rochester, Minn. lar aortic stenosis” diagnosed at another institution and underwent explora- 
55901. : tory cardiotomy, which revealed that the aortic valve was normal. Subse- 





Marambhar 107A Tha A marinan lausenal ^£ CADMINI me VN Sere ÉD ^am 


ic 


IDIOPATHIC HYPERTROPHIC SUBAORTIC STENOSIS—TAJIK ET AL. - 


TABLE | 


. Preoperative Symptoms of 43 Patients* with Idiopathic 
Hypertrophic Subaortic Stenosis 





Patients 

no. yA 

Dyspnea on exertion 35 88 

Angina 28 70 

Dizziness and syncope 18 45 

Congestive heart failure 12 30 
Triad (angina, dyspnea on exertion, and 

dizziness or syncope) 12 30 

Paroxysmal dysrhythmia | 8 20 


* Three patients were asymptomatic. 


TABLE II 


Hemodynamic Data in 43 Patients* with Idiopathic 
Hypertrophic Subaortic Stenosis 


Basal Pressure (mm Hg) 





Patients 
(no.) Mean Range 
Gradient (peak systolic) 39 77 6-160 
Left ventricular end-diastolic 34 22 7-37 
Pulmonary arterial 
(535 mm Hg) 15 46 37-56 


* In three patients hemodynamic variables were not measured 
under basal conditions and, in one patient, the data were not 
available. 


quently, this patient was referred to our institution for fur- 
ther evaluation. A percutaneous left heart study revealed 
subvalvular aortic stenosis with a gradient of 90 mm Hg. 
The patient underwent reoperation, with the provisional 
diagnosis of discrete subvalvular aortic stenosis. At opera- 
tion, no discrete subvalvular membrane was found, and no 
attempt was made to relieve the muscular subvalvular ob- 
struction; the patient died in the early postoperative peri- 
od. The most recent patient underwent successful opera- 
tion in December 1972. 


Preoperative Functional Status 


Of the 43 patients, 28 were male and 15 female; 35 were 
adults and 8 were children less than 16 years old. The mean 
age at operation was 34 years (range 16 months to 70 
years). The mean age of asymptomatic patients (New York 
Heart Association functional class I) was 9 years, of mildly 
symptomatic patients (class II) 20 years, and of severely 
symptomatic patients (classes III and IV) 41 years, thus in- 
dicating that the disease is progressive. There was an aver- 
age interval of 7 years between discovery of the murmur 
and the initial symptoms and of 4 years from the onset of 
symptoms to establishment of the diagnosis. Three pa- 
tients were asymptomatic at operation; all three were chil- 
dren who had severe left ventricular outflow obstruction 
with a peak systolic gradient of 107, 120 and 160 mm Hg, 
respectively. The symptoms in the remaining 40 patients 
are listed in Table I. 

On the basis of the New York Heart Association's func- 
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tional classification, the patients were divided into three 
groups as follows: Functional class I (asymptomatic) 3 pa- 
tients, functional class II (symptoms with greater than or- 
dinary activity) 9 patients, and functional classes III and 
IV (symptoms with ordinary or less than ordinary activity) 
31 patients. Five patients had received an adequate trial of 
propranolol (more than 200 mg daily) before operation. 


Preoperative Clinical Features 


Roentgenogram of the chest and cardiac fluoroscopy re- 
vealed a normal cardiac silhouette in 12 patients and cardi- 
ac enlargement in 31. Of the latter, 8 had left ventricular 
enlargement only, 11 combined left ventricular and left 
atrial enlargement, 7 biventricular and left atrial enlarge- 
ment, 4 left atrial enlargement only, and 1 right ventricular 
enlargement only. Two patients had dense calcifications of 
the mitral annulus, and 1 had calcification of the aortic 
valve. 

Preoperative electrocardiograms revealed normal sinus 
rhythm in 39 patients and atrial fibrillation in 4. Left ven- 
tricular hypertrophy with S-T segment depression and T 
wave inversion (strain pattern) was present in 35 patients. 
Five had no electrocardiographic evidence of left ventricu- 
lar hypertrophy; their eleetrocardiograms had evidence of 
either inferior or anterior myocardial infarction. Of the re- 
maining three patients, one had complete left bundle 
branch block, one the Wolff-Parkinson-White preexcita- 
tion syndrome and one right ventricular hypertrophy. 


Preoperative Hemodynamic Data 


The mean peak gradient between the left ventricle and 
the peripheral artery measured at rest in 39 patients aver- 
aged 77 mm Hg (range 6 to 160 mm Hg) (Table II). Five 
patients who had a mild gradient (less than 30 mm Hg) in 
basal conditions manifested a significant gradient (mean 88 
mm Hg) after administration of isoproterenol. The left 
ventricular end-diastolic pressure, measured in 34 patients, 
was elevated to a mean of 22 mm Hg (range 7 to 37 mm 
Hg); it was normal in 8 patients. Of these eight, three were 
in functional class I, one in functional class II and four in 
functional classes III and IV. The mean peak systolic gradi- 
ent and the mean left ventricular end-diastolic pressure in 
asymptomatic (class I) patients were, respectively, 129 and 
12 mm Hg; in class II patients 92 and 22 mm Hg; and in 
classes III and IV patients 66 and 22 mm Hg. These data 
suggest that the progression of this disease is characterized 
by the increasing loss of outflow obstruction and the ap- 
pearance of inflow obstruction (increased left ventricular 
end-diastolic pressure). 

Right heart catheterization was performed in 31 pa- 
tients. Three patients had a gradient across the right ven- 
tricular outflow tract. In two patients, the gradient was 
mild (15 and 20 mm Hg, respectively); in the third patient, 
it was severe (106 mm Hg). Mild pulmonary hypertension 
(pulmonary arterial systolic pressure greater than 35 mm 
Hg) was noted in 15 patients. This pressure was elevated to 
a mean of 46 mm Hg (range 37 to 56 mm Hg). Cardiac 
index was normal (2.8 to 1.2 liters/min per m?) in 19 pa- 
tients, high in 3 patients and low in 7 patients (who were in 
functional classes III and IV). 

Left ventricular angiocardiograms, performed in 37 pa- 
tients before operation, demonstrated the typical appear- 
ance of this condition.’ Mild to moderate mitral regurgi- 
tation was demonstrated in 24 patients, and severe mitral 
regurgitation in 2 patients. In the latter two patients, mi- * 
tral valve surgery was performed. 
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Operative Methods 


In most patients, a wide resection of the hypertrophic 
muscle from the left ventricular outflow tract was accom- 
plished under cardiopulmonary bypass using various surgi- 
cal approaches.9-!? In 21 patients, the transaortic approach 
alone was utilized for relief of the outflow obstruction; in 
19, a transventricular approach was additionally used, and 
in 3 patients other operative procedures were performed. 
An exploratory cardiotomy was performed in the first pa- 
tient (February 1958). In the second patient operated on 
(July 1958), relief of the left ventricular outflow obstruc- 
tion was carried out through an incision in the ventricular 
septum by way of a right ventriculotomy (transseptal ap- 
proach). In a third patient, mitral valve replacement was 
the only procedure performed. On the basis of the surgical 
procedure used, the 43 patients were classified into three 
groups (Table III). 

Group 1 consisted of 37 patients, 36 who underwent 
wide resection of the hypertrophic muscle (myectomy) 
from the left ventricular outflow tract and 1 who under- 
went simple ventriculomyotomy (myotomy). 

Group 2 consisted of three patients who, in addition to 
left ventricular myectomy, underwent another surgical pro- 
cedure. The first patient in group 2 was a 16 month old boy 
who had severe gradients across the outflow tracts of both 
ventricles, 107 mm Hg across the left and 106 mm Hg 
across the right ventricular outflow tract. He underwent re- 
section of the hypertrophic muscle from the outflow tract 
of both ventricles. A left ventricular aneurysm that devel- 
oped after his discharge from the hospital was later suc- 
cessfully resected. This patient has now been followed up 
for 72 months and has remained asymptomatic. The second 
patient was a 37 year old man who had had repreated epi- 
sodes of subacute bacterial endocarditis. At operation, a 
large perforation in the anterior mitral leaflet was noted, 
necessitating replacement of the mitral valve with a Starr- 
Edwards ball-valve prosthesis. In addition, a left ventricu- 
lar outflow tract myectomy was performed. This patient 
has now been followed up for 79 months. The third patient 
in this group was a 70 year old woman who had dense calci- 
fication of the mitral annulus and severe mitral regurgita- 
tion. She was initially treated with large doses of propran- 
olol and experienced alleviation of symptoms for 2 years. 
At that time, atrial fibrillation developed and resulted in 
pronounced deterioration in her clinical status despite the 
use of propranolol (320 mg daily). In addition to the left 
ventricular outflow tract myectomy, a Carpentier ring was 
inserted in the mitral position to minimize mitral regurgi- 
tation. She died of low cardiac output in the immediate 
postoperative period. 

Group 3 consisted of three patients who underwent sur- 
gical procedures that are no longer used or recommended. 
One patient underwent exploratory cardiotomy, and one 
underwent transseptal left ventricular outflow tract myec- 
tomy. The third patient was a 60 year old man who had 
been hypertensive for many years and who presented with 
congestive heart failure. Cardiac catheterization and left 
ventricular cineangiography revealed a mild gradient (30 
mm Hg) across the left ventricular outflow tract, associated 
with severe mitral regurgitation. He underwent operation 
primarily for relief of mitral regurgitation. The mitral valve 
was replaced with a low-profile disk prosthesis only, and no 
left ventricular outflow tract myectomy was performed. Be- 
cause of his poor hemodynamic status, excessive bleeding 
and muffled prosthetic sounds, the patient underwent 
reexploration within the first 24 hours, and it was noted 
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TABLE Ill 


Surgical Procedures and Results in 43 Patients with Idiopathic 
Hypertrophic Subaortic Stenosis 


Patients 
Procedure (no.) Status 
Group 1 (37 patients) 
Myectomy 36 33 alive, 3 dead 
Myotomy 1 Alive, 12 mo 
Group 2 (3 patients) 
Myectomy of right and left 
ventricular outflow tracts 1 Alive, 72 mo 
Myectomy and mitral valve 
replacement 1 Alive, 79 mo 
Myectomy and Carpentier's ring 1 Dead 
Group 3 (3 patients) 
Exploratory cardiotomy 1 Dead 
Transseptal myectomy 1 Dead 
Mitral valve replacement 1 Dead 


that the hypertrophied ventricular septum was impinging 
on the disk of the mitral prosthetic valve and was interfer- 
ing with its motion. This valve was replaced by a Starr- 
Edwards ball valve prosthesis. However, the patient died of 
low cardiac output in the early postoperative period. 


Surgical Results 
Mortality | 


Early deaths: Of the 43 patients, 7 died during the 
early postoperative period (within 30 days of opera- 
tion), for an operative mortality of 16 percent (Table 
IV). Analysis of the early deaths revealed that the 
first two occurred in 1958, before the surgical tech- 
niques now used for this condition were established. 
For the purpose of analysis, the time from 1959 
through 1972 has been conveniently divided into two 
periods of 7 years each. In the period from 1959 to 
1966, a total of 24 patients underwent left ventricular 
outflow tract myectomy, and 3 died in the early post- 
operative period (operative mortality 12.5 percent). 
In the period from 1966 through 1972, a total of 17 
patients were operated on; 13 underwent left ventric- 
ular outflow tract myectomy, and 1 simple ventricu- 
lomyotomy. None of these 14 patients died. The re- 
maining three patients underwent mitral valve sur- 


gery: valve replacement (two patients) or insertion of | 3 


a Carpentier ring into the mitral annulus (one pa-  - 
tient). Two of these three patients died during the _ 
early postoperative period. Et 
To evaluate the early surgical results properly, we 
excluded the two patients operated on in 1958. The 
operative mortality rate for the remaining 41 patients 
was 12 percent (five deaths within the first 30 days). 
To evaluate the results of isolated left ventricular 
outflow tract myectomy, we considered only the 36 
patients in group 1 with idiopathic hypertrophic 
subaortic stenosis who underwent this isolated proce- 
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TABLE IV 


Early Deaths Among 43 Patients Undergoing Surgery for Idiopathic Hypertrophic Subaortic Stenosis 








NYHA 
Date of Functional 
Operation Procedure and Approach Class Cause of Death 
1958 (Feb.) Exploratory cardiotomy I-IV Low cardiac output 
1958 (July) Transseptal myectomy I Complete heart block 
1962 Transventricular myectomy Hl-IV Complete heart block 
1963 Transventricular myectomy Hl-IV Ventricular aneurysm 
1965 Transaortic myectomy I Recurrent ventricular 
fibrillation 

1972 Transaortic myectomy plus insertion 

of Carpentier's ring in mitral region II-IV Low cardiac output 
1972 Mitral valve replacement II-IV Low cardiac output 





NYHA = New York Heart Association. 


dure between 1959 and 1972. The operative mortality 
- for this group was 8 percent (3 of 36 patients), with 
no deaths after 1965. Thus, our experience reveals 
that the risk of surgery is least for isolated left ven- 
tricular outflow tract myectomy and is increased if 
additional, or other, procedures are performed. 

Late deaths: Four patients died during the late 
follow-up period. All four deaths were sudden and oc- 
curred, respectively, 1 1/2, 2, 4 and 10 years after op- 


TABLE V 


Postoperative Symptoms of 31 Patients* with Idiopathic 
Hypertrophic Subaortic Stenosis 








Patients 

no. % 

Dyspnea on exertion 13 81 

Angina 8 50 

Paroxysmal dysrhythmia 4 25 

Congestive heart failure 3 19 

Dizziness 1 6 

Syncope 0 0 
Triad (angina, dyspnea on exertion, 

and dizziness or syncope) 0 0 


* Fourteen patients were asymptomatic (mean follow-up 84 
months; range 12 to 160 months). 


TABLE VI 


Functional Classification (New York Heart Association) of 31 
Long-Term Survivors* After Surgery for Idiopathic 
Hypertrophic Subaortic Stenosis 





Postoperative Class 





Preoperative Patients 
Class (no.) | II II or IV 
| 3 3 0 0 
H 4 4 0 0 
IH, IV 24 7 14 3 








` * Mean follow-up 84 months (range 12 to 160 months). 
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eration. 'T'wo of the four patients were asymptomatic, 
and the other two were mildly symptomatic at the 
time of death. One had the familial form of idiopath- 
ic hypertrophic subaortic stenosis and was taking 
propranolol (120 mg daily) at the time of death. After 
the operation, three patients manifested complete 
left bundle branch block and one continued to have 
the Wolff-Parkinson-White preexcitation syndrome. 

The total surgical mortality rate (early and late 
deaths), therefore, was 26 percent (11 of 43 patients) 
for our entire group and 19 percent (77 of 36 patients) 
for the group that underwent isolated left ventricular 
outflow tract myectomy. 


Follow-Up 


Functional status: Of the 43 patients, 11 patients 
have died and 1 has been lost to follow-up (returned 
to a foreign country). The remaining 31 patients have 
been followed up for a mean of 84 months (range 12 
to 160 months). Thus, this represents the longest 
(217 patient-years) postoperative follow-up yet re- 
ported. Fourteen of the 31 patients are now com- 
pletely asymptomatic (functional class I). Symptoms 
in the remaining 17 patients are listed in Table V. 
Dyspnea on exertion and angina pectoris have re- 
mained the most frequent symptoms in these symp- 
tomatic patients. No patients experienced syncopal 
episodes after operation. Most of the 31 long-term 
survivors were severely symptomatic before opera- 
tion, whereas most of these patients are now either 
completely asymptomatic or only mildly symptomat- 
ic (Table VI). The condition of two patients has re- 
mained unimproved (functional class III or IV), and 
that of one patient has deteriorated. 


This latter patient, a 55 year old man, experienced alle- 
viation of symptoms until 4 years after operation. However, 
symptoms of angina pectoris and dyspnea on exertion re- 
turned and gradually became worse during the subsequent 
3 years, finally resulting in severe congestive heart failure. 
A repeat cardiac catheterization 8 years after operation re- 
vealed no resting gradient, increased (24 mm Hg) left ven- 
tricular end-diastolic pressure and low cardiac index. Be- 
fore operation, the patient had a gradient of 103 mm Hg, 
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with a left ventricular end-diastolic pressure of 16 mm Hg 
and a normal cardiac index. Selective coronary angiograms 
on that admission revealed complete occlusion of the right 
coronary artery, 75 percent occlusion of the left circumflex 
artery in the proximal portion, and 50 to 60 percent steno- 
sis of both the left anterior descending artery and its diago- 
nal branch. This patient had a left ventricular angiogram 
that revealed a large, dilated poorly contracting left ventri- 
cle. This feature has not been previously noted in any of 
the patients with idiopathic hypertrophic subaortic steno- 
sis, either before or after operation, even in those with con- 
gestive heart failure; we attribute it to the associated severe 
diffuse coronary artery disease. Aortic valvular calcification 
was noted at cardiac fluoroscopy, but there was no valvular 
aortic stenosis. 


Medications: None of the patients in functional 
class I after operation are taking cardiac medications. 
Of the symptomatic patients, six are taking propran- 
olol. An additional eight patients are taking digitalis 
or diuretic agents, or both. Digitalis is being adminis- 
tered to patients with atrial fibrillation and to those 
with congestive heart failure. Diuretic agents are 
being taken by the patients with congestive failure as 
well as by two patients for the management of hyper- 
tension and one for the control of cyclic edema. 


Postoperative Hemodynamic Data 


Nine of the 31 long-term survivors underwent late 
hemodynamic reassessment 13 to 109 months (mean 
44 months) after operation. The mean preoperative 
resting ventricle-arterial gradient in these nine pa- 
tients was 87 mm Hg. After the operation, seven pa- 
tients had no resting gradient and two had respective 
gradients of 9 and 58 mm Hg. 

In four patients who had no gradient at rest, a gra- 
dient of 30 to 70 mm Hg (mean 48 mm Hg) developed 
after administration of isoproterenol. The left ven- 
tricular end-diastolic pressure remained unchanged 
and normal in three patients, was unchanged and ele- 
vated in two patients, decreased to normal in one pa- 
tient and increased in two patients. In one patient, 
the value for left ventricular end-diastolic pressure 
was not available. 


Postoperative Complications 
Five patients had complete heart block after the 
operation. T'wo of these died in the early postopera- 
tive period, and in two the heart block was transient, 
and required no treatment. In one patient, a perma- 
nent pacemaker was implanted. This patient has now 
been followed up for 104 months and has remained 
asymptomatic apart from a periodic need for battery 
replacement. None of the patients operated on since 
1967 have had complete heart block. Left ventricular 
aneurysm developed in three patients.!? No patient 
had ventricular septal defect or aortic incompetence. 
Complete left bundle branch block developed in 15 
patients; an additional 12 patients had left axis de- 
viation, with or without intraventricular conduction 
delay. Right bundle branch block appeared in one 
, patient. 
The alleviation of symptoms after the operation 
could not be correlated either with the appearance of 
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left bundle branch block or with the various surgical 
approaches utilized. | 


Associated Lesions 


Of the 43 patients, 10 had associated lesions (13 le- 
sions): mitral annulus calcification (2 patients), sys- 
temic hypertension (4), coronary artery disease (2), 
persistent left superior vena cava (1), aortic valvular 
calcification (2), and diffuse lentiginosis (2). Two of 
these 10 patients had two or more associated lesions. 

Mitral annulus calcification: The association of 
idiopathic hypertrophic subaortic stenosis and mitral 
annulus calcification has been recognized only re- 
cently.!^!^ In our two patients the presence of this 
calcification led the attending physician to make the 
incorrect clinical diagnosis of mitral regurgitation. 
'The first patient was a 68 year old woman whose di- 
agnosis of idiopathic hypertrophic subaortic stenosis 
was established preoperatively at cardiac catheteriza- 
tion. The second patient was a 51 year old woman 
with a diagnosis of mitral regurgitation who was 
taken to surgery for planned mitral valve replace- 
ment. However, when intracardiac pressures were 
measured at operation, a gradient of 100 mm Hg was 
noted between the left ventricle and the peripheral 
artery. Further exploration revealed typical findings 
of hypertrophic subaortic stenosis, and a left ventric- 
ular outflow myectomy was performed instead of mi- 
tral valve replacement. After the operation, she be- 
came completely asymptomatic. Four years later, 
complete heart block developed, for which a perma- 
nent transvenous pacemaker was implanted. She has 
had no further symptoms. 

Hypertension: Four patients had long-standing 
systemic hypertension. In our total experience, 15 of 
the 128 patients with idiopathic hypertrophic subaor- 
tic stenosis have had systemic hypertension. This as- 
sociation has been discussed previously.!9 

Coronary artery disease: Two patients had asso- 
ciated coronary artery disease. In a 45 year old 
woman who died of complete heart block during the 
early postoperative period, autopsy revealed focal 
grade 3 (50 to 75 percent occlusion) coronary artery 
disease. 'The other patient, a 55 year old man, was de- 
scribed earlier in this report. Since coronary artery 
disease may modify the natural course of idiopathic 
hypertrophic subaortic stenosis and may alter the 


surgical approach, it is important to look for this as- — 


sociation.17.18 

Persistent left superior vena cava: This anoma- 
ly was noted as an incidental finding at operation in a 
31 year old man. The association has been previously - 
noted in a 9 year old girl with chromosomal abnor- 
malities. !? 

Aortic valve calcification: Slight calcification of | 
the aortic valve associated with a grade 2/6 murmur 
of aortic regurgitation was noted in one patient be- 
fore operation. This patient had no evidence of aortic 
stenosis. In a second patient aortic valve calcification 
without stenosis developed 8 years after operation. 

Lentigo: Two patients (a child and an adult) had 
diffuse lentiginosis. The association of lentigo with 
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TABLE VII 


owe: 


Surgical Results and Follow-Up in Reported Series of Patients with Idiopathic Hypertrophic Subaortic Stenosis 





Morrow Adelman Barratt- Boyes Swan Cooley Present 
et al. 39 et al. 35 and O'Brien?* et al. 3 et al.25 Series - 
Patients (no.) 43 32 (25*) 30 22 26 43 
Age range (yr) 10-64 MA 5-72 12-60 1 1/4-70 
Male/female ratio 27/16 12/18 10/16 28/15 
Preoperative data 
Mean gradient (mm Hg) 77 (36) 85 76 77 (39) 
Mean LVEDP (mm Hg) 22 (31) 13 21 22 (34) 
normal (12) 
NYHA class 
| 0 Ze 1 2 3 
H 1 m" 13 6 9 
IH-IV 42 20* 16 od 18 31 
Surgical procedure Ventriculo- Ventriculo- Wide resection — Ventriculo- Myectomy (16); Wide resection 
myotomy plus myotomy (myectomy) myotomy plus right septec- (myectomy) 
limited re- limited re- tomy (10) 
section section 
Operative mortality (95) 9 28 (12*) 3 2 19 16 (81) 
Postoperative data 
Long-term survivors 31 19* 27 13 21 31 
(no.) 
Mean follow-up (mo) 51 42* 36-84 (17) 3-35 84 
NYHA class 
| 22 8* 24 Striking im- 14 
provement (19) 
I 9 i lg 2 14 
IH-IV 0 1 2 3 
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* Refers to patients operated on by Bigelow. 


t Refers to the operative mortality for isolated left ventricular outflow tract myectomy (36 patients). 
LVEDP = left ventricular end-diastolic pressure; NYHA = New York Heart Association. 


idiopathic hypertrophic subaortic stenosis has been 
made only recently,?? but it appears to be specific,*! 
unlike the other described associations, which seem 
to be coincidental.?? These two patients and an addi- 
tional patient will be described in detail at another 
. time. 
Comment 
Surgical procedure of choice: Before the avail- 
ability of propranolol, surgery was the only mode of 
therapy for idiopathic hypertrophic subaortic steno- 
sis. Many surgical techniques have been devised for 
relief of the left ventricular outflow obstruction in 
this disease.9-12.22-33 However, good long-term results 
have been consistently obtained only with the divi- 
sion or resection (or both) of the hypertrophic muscle 
from the left ventricular outflow tract. During the 
past 5 years, the operative procedure of choice at our 
institution has been a transaortic myectomy. Recent- 
ly, Cooley et al.?? proposed mitral valve replacement 
alone as the sole therapy for idiopathic hypertrophic 
subaortic stenosis. Although one patient in our series 
underwent this isolated procedure, we do not recom- 
mend this approach for the reasons discussed recent- 
ly by Roberts.*4 | 
Indications for surgery: The group of 43 patients 
reported herein had the following indications for sur- 
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gical treatment: 31 patients had moderate to severe 
symptoms associated with significant left ventricular 
outflow obstruction at rest (gradient of 50 mm Hg or 
more). Nine patients had severe symptoms (classes 
III and IV) but had a basal gradient of less than 40 
mm Hg (mean 24 mm Hg). In five of these patients, 
provocation using isoproterenol resulted in a signifi- 
cant increase in the gradient (mean 88 mm Hg). The 
remaining three patients were asymptomatic anc un- 
derwent operation primarily because of a major rest- 
ing gradient (107, 120 and 160 mm Hg, respectively); 
all three were children who also had normal left ven- 
tricular end-diastolic pressure. Prior unsuccessful 
therapy with propranolol (failure to relieve symp- 
toms) has been considered the prime indication for 
surgery only since 1971. 

Effect of surgery on natural history: Now that 
the long-term results are available, an important 
question needs to be answered: Does surgery change 
the natural history of idiopathic hypertrophic 
subaortic stenosis? Answering this question is diffi- 
cult because the natural history of idiopathic hyper- 
trophic subaortic stenosis is not well defined, and 
conflicting data have been reported.?»-?* However, 
our own experience and most of the available pub- 
lished information indicate that the lesion is progres- 


sive. Thus, we can understand the conflicting reports 
by assuming that in various series (1) the rate of pro- 
gression of the disease varied, or (2) different authors 
observed different stages of the natural course of the 
disease. However, there is general agreement regard- 
ing one aspect of idiopathic hypertrophic subaortic 
stenosis: the well documented increased incidence of 
sudden death. Sudden death occurred in four of our 
long-term survivors, 1 1/2, 2, 4, and 10 years, respec- 
tively, after surgery, and others have also reported 
the sudden death of long-term survivors after suc- 
cessful surgery.?42555 Thus, our results and those of 
others indicate that surgery does not alter the natural 
course of the disease and does not prevent or protect 
the patient against sudden death. We do not know 
whether surgery performed early in the course, before 
the disease becomes well established, would change 
the natural history. 

Palliative effect of surgery: The results of our 
series, which is one of the largest and which repre- 
sents the longest postoperative follow-up, are essen- 
tially in agreement with those of other series in docu- 
menting that surgery results in significant relief of 
obstruction and good to excellent alleviation of 
symptoms in the survivors observed over a long peri- 
od (Table VII). Since no evidence exists that surgery 
alters the basic disease process, and it is therefore 
merely palliative, it is our practice now to operate 
only on symptomatic patients who have not re- 
sponded to prior treatment with large doses of pro- 
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pranolol. This practice is based on our gratifying ex- - i d 
perience in treating idiopathic hypertrophic subaor- | 
tic stenosis with this drug.  . 21 

Effect of propranolol therapy: Forty- eight par 
tients (25 male and 23 female) of the total series of — 
128 patients were treated with propranolol.’ Their Mt 3 
mean age was 48 years (range 12 to 78 years). In 30 of b t 
the 48 patients left ventricular outflow obstruction — E. 
was present under basal conditions; the mean peak ^ E 
systolic gradient in this group was 54 mm Hg (range 7. — 
to 180). Eleven patients had no obstruction at rest;  - 
however, a mean peak systolic gradient of 90 mm Hg E 
(range 48 to 144) was produced on provocation. The — E 
mean resting left ventricular end-diastolic ue 1 
in these 4] patients was 19 mm Hg (range. 6 to 32). 


maining seven patients; the diagnosis of idiopathic. n 
hypertrophic subaortic stenosis was confirmed by . 
echocardiographic studies. Before the initiation of ` 
therapy, 2 of the 48 patients were in functional class — — 
I, 22 in class II and 24 in classes III and IV. The dose ~ 
of propranolol required for symptomatic improve- — : ! 
ment ranged from 40 to 320 mg daily. The mean fol- ` 
low-up of this group of patients was 37 months (range — - 
6 to 97 months), representing 148 years of patient fol- 
low-up. T'wo patients died during this period of ob- 5 
servation. Of the 46 survivors, 11 were in class I, 33 in - 
class II, and only 2 patients i in classes III and IV. Fur- . 
ther details of this experience with propranolol ther- 
apy are to be published. 
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- inhibited pacemaker for 
intracardial and myocardial 
Stimulation for a low, con- 
stant stimulation threshold." 


Low energy consuming 
circuitry and the new Mallory 
cell producing up to 4 to 5 
years operating life. 


36 month full replacement 
warranty. 
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or implantation in patients 

with existing implanted 

electrode systems. 

* The implantation of an R-wave- 
inhibited pacemaker has been well 
proven in the following cases: 
intermittent AV block with 
predominant sinus rhythm, recurrent 
bradycardia and second implantation 
to replace a fixed rate pacemaker 
with virtual return to sinus rhythm. 
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9228 Ath Street North, 

St Petersburg, Florida 33702. 
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It may be years before he experiences a single symptom of 
hypertension. But left untreated, even mild to moderate eleva- 
tions of blood pressure may quietly strip years from an other- 
wise healthy and active life. Early control with DIUCARDIN 
may help forestall damage to healthy target organs. 


DIUCARDIN provides approximately the same diuretic potency 
as hydrochlorothiazide at maximal therapeutic dosage. With 
DIUCARDIN, the onset of diuresis is gradual and may be main- 
tained for twelve hours or more with a single dose.!.2 The anti- 
hypertensive effect of DIUCARDIN is usually maintained in 
long term use. For many patients on DIUCARDIN, a convenient 
once-a-day dosage may suffice. 


DIUCARDIN provides a good beginning for many hypertensive 
patients. DIUCARDIN 50 mg. Tablets. For mild to moderate 
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pir arcis except in rare cases whènh yow tr  life-threater 
In actual salt depletion, appropriate booten should be given. 





| (For full prescribing information, see package circular} 
- ACTIONS: The primary action of the thiazide diuretics is to produce 
> diuresis by increasing the renal excretion of sodium and chloride. They 
. inhibit the mechanism for tubular reabsorption of sodium and chloride 
] . by direct action on the distal segment. A: maximal therapeutic dosage 
Ic a thiazides are approximately equal in their diuretic potency. 

uen The mechanism(s) of the antihypertensive action of the thiazides has 





| © ‘not been elucidated, 

— 2 INDICATIONS: Hypertension: DIUCARDIN alone may provide adequate 
`: control in mild or moderate hypertension. In severe hypertension or in 
cases of mild or moderate hypertension which do not respond ade- 
"quatély, DIUCARDIN. may be used in conjunction with other antihyper- 
. tensive agents. 
< DIUCARDIN alene or in conjunction with other antihypertensive agents 
- isindicatedfor control of hypertension in pregnancy. (See WARNINGS) 
Edema: DiUCARDIN. is indicated as adjunctive therapy in edema asso- 
-ciated with congestive heart failure, hepatic cirrhosis, and cortico- 
|... steroid and estrogen therapy. 

/ Co: DIDCARDIN. is. indicated in severe edema during pregnancy. (See 
Ce WARNINGS) 

- DIUCARDIN is indicated in the treatment of edema due to various 
forms of renal dysfunction, e.g. nephrotic syndrome, acute glomerulo- 
© nephritis, and.chronic renal failure. 

COCCONTRAINDICATIONS: Anuria. oliguria. Hypersensitivity to 
- DitcsnbiN orother sulfonamide derivatives. 

] >» The routine use of diuretics in an otherwise healthy pregnant woman 
CC with or without mild edema is contraindicated and possibly hazardous. 
WARNINGS: Use with caution in severe renal disease since thiazides 
- "may precipitate azotemia. Effects due to accumulation of the drug may 
-- occur in patients with impaired renal function. 
: Use with caution in patients with impaired hepatic function or pro- 
~~ gressive liver disease since minor changes of fluid and electrolyte 
balance may precipitate hepatic coma. 
~~ Use with caution when hydroflumethiazide is administered in con- 
| junction with other antihypertensive agents. Lowering of dosage of 
|» these agents is usually indicated. Thiazides potentiate ganglionic or 
^. peripheral adrenergic blocking drugs. 
-^. Sensitivity reactions may occur in patients with a history of allergy or 
D. bronchial asthma, 
xs The possibility of exacerbation or activation of systemic lupus erythe- 
“oe matosus has been reported. 
| Usage in Pre nancy and During Lactation: Thiazides cross the pla- 
cental barrier and also appear in breast milk. Consequently, they may 
e fetal r neonatal hyperbilirubinemia, thrombocytopenia, altered 
hydrate metabolism and other adverse reactions. Therefore, the 
ia benefits of thiazide. administration in women of childbearing 

f against the possible hazards to the fetus or child. 

should be made at nae intervals to 














Hypochloremia is generally mild and usually does not require specific 
treatment except under extraordinary circumstances, as in renal or 
liver disease. 

The possibility of dewelopment of electrolyte or fluid imbalance is 
increased by brisk diuresis, severe liver disease, or concomitant admin- 
istration of medications such as digitalis, ACTH, and corticosteroids. 
Adequate oral intake cf electrolytes should be maintained to minimize 
the possibility of electrolyte imbalance. 

If a progressive increase in serum nitrogen occurs, a careful appraisal of 
the patient's condition should be made to determine whether diuretic 
therapy should be conanued. 

Because of the possibility of hypokalemia developing, patients taking 
digitalis should be followed carefully since a decrease in body potassium 
may necessitate lowering digitalis dosage. 

Plasma uric acid leveis may be increased and could, in susceptible 
patients, precipitate ar attack of gout. 

Thiazides alter carbohydrate metabolism. Patients who have diabetes 
mellitus or are suspected of being prediabetic sneuld be followed 
closely since hyperglycemia and glycosuria may occur. Dosage adjust- 
ment of antidiabetic agents is frequently indicated. 

Thiazides may decrease serum PBI without signs of thyroid disturbance. 
Thiazides act to decrease the response of the peripheral arterial svstem 
to catecholamines and to enhance the effects of curare and its deriva- 
tives. Caution should se exercised in administering general anesthesia 
or curare derivatives to patients taking thiazides. 

The antihypertensive effect of thiazides may be enhanced following 
sympathectomy. 

ADVERSE REACTRNS: Gastrointestinal: anorexia. gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation. acute pancreatitis. 
Central Nervous System: dizziness, vertigo, headache, paresthesias. 
xanthopsia, restlessness. 

Hematologic: leukopenia. thrombocytopenia, agranu ocytosis. aplastic 
anemia. 

Allergic: purpura, photosensitivity, rash, urticaria, necrotizing angiitis. 
exfoliative dermatitis, glomerulonephritis, intrahepatic cholestatic 
hepatitis. 

Cardiovascular: orthostatic hypotension (may be aggravated by alcohol, 
barbiturates, or narcotics). 

Musculoskeletal: muscle cramps. weakness. 

Clinical Laboratory Test Findings: electrolyte imbalance. elevation of 
serum nitrogen, elevation of plasma uric acid, hyperglycemia and 
glycosuria, decreased serum PBI levels. 

DOSAGE AND ADMINISTRATION: Usual adult dosage: 50-100 mg. 
per day. 

The dosage regimen should be individualized to obtain the maximum 
effect at the lowest dosage level. Dosage regimens using 25 mg. 
DIUCARDIN. (hydroflumethiazide) may be adequate in some cases. 
Dosage should not exceed 200 mg. per day. 

HOW SUPPLIED: DIUCARDIN --No, 702— Each scored tablet con- 
tains 50 mg. hydroflumethiazide, in bottles of 100 and 1,000. 


References: 1. A.M.A. Drug Evaluations, ed. 2, Acten, Massachusetts, 
Publishing Sciences Group, Inc., 1973, p. 70. 2. Blagg. CR; Hydro- 
flumethiazide. a new oral diuretic. Lancet 2:311 (Sept.) 1959. 
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.. Cardiac Catheterization and Angiography— Grossman 


Edited by WILLIAM GROSSMAN, M.D., University of North Carolina School of Medicine, Chape 

Hill. (24 Contributors). The clinical expertise of twenty-four leaders in the field is reflected in this 
book. The book begins with a section of catheter placement that discusses arteriotomy, percu- 
taneous technique, transseptal catheterization, balloon-tipped flow-directed catheters, and special 
considerations in catheterization of infants and children. Subsequent sections on hemodynamic 
principles and angiographic techniques cover basic knowledge and emphasize practical application 2 
and the avoidance of commonly encountered pitfalls. Interpretations of hemodynamic and angio- _ 
graphic findings, separated from descriptions of techniques, are presented and illustrated in chapters | 
on profiles of characteristic hemodynamic and angiographic abnormalities in specific disorders. | 
This separation emphasizes the importance of considering both hemodynamic and angiographic - 
data when analyzing physiologic and anatomic abnormalities in a given disorder. A unique section - 
on evaluation of cardiac function considers recent advances in and the current state of the art of — 


His bundle electrocardiography, myocardial mechanics, atrial pacing, ventricular volume analysis, 


myocardial blood flow, and dynamic and isometric exercise. 339 pp. (7 X 10), 152 illus., 1974, Us 
$24.50. | 


Progress in Cardiology. 3—Yu & Goodwin 


Ediled by PAUL N. YU, M.D., University of Rochester School of Medicine and Dentistry, Rochester, | 
New York; and JOHN F. GOODWIN, M.D., Royal Poslgraduale Medical School, London, England. a 


(21 Contributors). Volume #3 opens with a chapter on epidemiology and prevention of coronary — | 


artery disease, followed by two chapters dealing with formation and conduction of cardiac electrical 
impulse and pathogenesis and mechanism of ventricular arrhythmias, respectively. It then pro- - 


ceeds with a discussion on current studies of exercise testing, followed by a chapter which presents 


data observed during the first hour after the onset of acute myocardial infarction. "The role of 
renin-angiotensin system in hypertension is discussed in an ensuing chapter. A discussion of the 
' Eisenmenger Syndrome appears in the next chapter, which is followed by a chapter on the evalu- — 
ation of drugs affecting heart muscle. In chapter nine, current aspects of valve replacement i is * 


RA presented and chapter ten deals with long term therapy in the prevention of thrombosis. Rec 


| -advances in echocardiography and the current method of measuring lung water in man. an d 
clinical significance are discussed in the concluding two chapters. 349 pp. (7 X 10), mi 
974, $17.50. 
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If you have a new address please print it 
below. You MUST include your ZIP code. Post 
Office rules wil! not permit us to send your 
magazine to you without it. 
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to UPAD 


American Journal of Cardiology 
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Yorke Medical Journals 
Circulation Department 
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Before prescribing, please consult 
complete product information, a summary 
of which follows: 

Indications: Relief of anxiety and 
tension occurring alone or accompanying 
various disease states. 

Contraindications: Patients with 
known hypersensitivity to the drug. 

Warnings: Caution patients about pos- 
sible combined effects with alcohol and 
other CNS depressants. As with all CNS- 
acting drugs, caution patients against haz- 
ardous occupations requiring complete 
mental alertness (e.g., operating machin- 
ery, driving). Though physical and psycho- 
logical dependence have rarely been 
reported on reccmmended doses, use 
caution in administering to addiction- 
prone individuals or those who might 
increase dosage; withdrawal symptoms 
(including convulsions), following discon- 
tinuation of the crug and similar to those 
seen with barbiturates, have been reported. 
Use of any drug in pregnancy, lactation 
or in women of cnildbearing age requires 
that its potentia! benefits be weighed 
against its possible hazards. 

Precautions: In the elderly and debili- 
tated, and in children over six, limit to 
smallest effective dosage (initially 10 mg 
or less per day) to preclude ataxia or over- 
sedation, increasing gradually as needed 
and toleratec. Not recommended in chil- 
dren under six. Though generally not rec- 
ommended, if combination therapy with 

other psychotropics seems indicated, care- 
fully consider individual pharmacologic 
effects, particularly in use of potentiating 
drugs such as MAO inhibitors and pheno- 
thiazines. Observe usual precautions in 
presence of impaired renal or hepatic 
function. Paradoxical reactions (e.g., ex- 
citement, stimulation and acute rage) 
have been reported in psychiatric patients 
and hyperactive aggressive children. Em- 
ploy usual precautions in treatment of 
anxiety states with evidence of impending 
depression; suicidal tendencies may be 
present anc protective measures neces- 
sary. Variable effects on blood coagulation 
have been reported very rarely in patients 
receiving the drug and oral anticoagulants; 
causal relationship has not been estab- 
lished clinically. 

Adverse Reactions: Drowsiness, ataxia 
and confusion may occur, especially in 
the elderly and debilitated. These are 
reversible in most instances by proper 
dosage adjustment, but are also occasion- 
ally observed at tne lower dosage ranges. 
In a few instances syncope has been 
reported. Also encountered are isolated 
instances of skin eruptions, edema, minor 
menstrual irregularities, nausea and con- 
stipation, extrapyramidal symptoms, 
increased and decreased libido—all infre- 
quent and generally controlled with dosage 
reduction; changes in EEG patterns (low- 
voltage fast activity) may appear during 
and after treatment; blood dyscrasias 
(including agranulocytosis), jaundice and 
hepatic dysfunction have been reported 
occasionally, making periodic blood counts 
and liver function tests advisable during 
protracted tnerapy. 

Supplied: Librium® Capsules contain- 
ing 5 mg, 10 mg or 25 mg chlordiazepox- 
ide HCI. Libritabs® Tablets containing 
5 mg, 10 mg or 25 mg chlordiazepoxide. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


The Somatic Protest 
in the Postcoronary Patient... 










Physiologic reaction to Antianxiety action with 
excessive anxiety Although he has wide margin of safety 
ee eee valid reason for con- Adjunctive antianxiety medication, when 












See cern, the person needed to complement counseling and 
perro} CONValescing from reassurance, should be both effective and 
vm myocardial infarc- comparatively free from undesirable side 
eee dion may react to his effects. Extensive clinical experience has 
as oe BER, BRE, aanre illness with dispro- demonstrated that Librium (chlordiazepox- 
INCHERET- ^p portionate anxiety, ide HCI) fulfills these requirements with a 

which can hinder high degree of consistency. In the elderly 
smooth recovery and rehabilitation. Undue and debilitated, the initial dose is 5 mg 
anxiety and emotional tension may, in some b.i.d. or less to preclude ataxia or overse- 
patients—because of marked increase in dation, increasing gradually as needed 
catecholamine excretion during stay in, and tolerated. 








and on day oftransferfrom,the — Librium is used concomitantly with 
CCU — cause increased w^ 1 certain specific 
heart rate, increased car- medications of other 
diac output and intensified classes of drugs, 
oxygen consumption by e.g., cardiac glyco- 
heart muscle. In addition, sides, diuretics and 
excessive anxiety can (1) antihypertensive 
increase feelings of frustra- agents, whenever 
tion at forced inactivity, (2) anxiety is a clinically 
foster undue preoccupation significant factor. 
with heart function, (3) di- When anxiety has 
minish capacity to tolerate been reduced to 
prospect of work stress and tolerable levels, 

(4) retard rehabilitation. A Librium therapy 
calm outlook and reduction should be dis- 

of excessive emotional continued. 

stress are thus desirable. X — 
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adjunctive 


ive 
Librium 10 mg 
(chlordiazepoxide HCT) 
1or2 capsules t.i.d./q.i.d. 


Please see opposite page for summary of product information. 
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fhe art of antianginal therapy 


For centuries, treating the heart's ills has been the subtlest of 
arts. Even today, evaluating a drug for chronic angina 
pectoris involves the art of medicine as well as its science. 


Persantine — over a decade of use 


During more than a decade of clinical experience, 
compounding both science and art, Persantine has often 
been found useful in the long-term management of chronic 
angina pectoris.* It may: 

eliminate or reduce the frequency of anginal attacks 


improve exercise tolerance 


reduce nitroglycerin requirements 


Persantine — give enough — long enough 


The recommended dosage: 50 mg. t.i.d. atleast one hour 
before meals. Give enough, long enough — several weeks or 


longer of continuous therapy may be needed to see response. 





Persa nti ne: of 25 mg. 


dipyridamole 


the non-nitrate 


coronary vasodilator 


Medieval Engraving 
Engraving of a heart 
and the child 

Jesus, surrounded 
by cherubs. The 
transcription states, 
"Whoever holds Him 
in his heart is as- 
sured of eternal joy.” 


The engraving was 
made by “E.S.” in 
1467. It is in a col- 
lection of engravings 
in Berlin. 





*INDICATIONS - Based on a review of 
this drug by the National Academy of 
Science-National Research Council 
and/or other information, FDA has clas- 
sified the indication as follows: 


“Possibly” effective: For long-term ther- 
apy of chronic angina pectoris. 
Prolonged therapy may reduce the 


frequency or eliminate anginal epi- 
sodes, improve exercise tolerance, and 
reduce nitroglycerin requirements. The 
drug is not intended to abort the acute 
anginal attack. 


Final classification of the less-than- 
effective indications requires further 
investigation. 


CONTRAINDICATIONS -No specific contra- 
indications are known. 


PRECAUTIONS - Since excessive doses can 
produce peripheral vasodilation, the drug 
should be used cautiously in patients with 
hypotension. 


ADVERSE REACTIONS - Adverse reactions 
are minimal and transient at recommended 
dosages. Instances of headache, dizziness, 
nausea, flushing, weakness or syncope, mild 
gastrointestinal distress and skin rash have 
been noted during therapy. Rare cases of 
what appeared to be an aggravation of an- 
gina pectoris have been reported, usually at 
the initiation of therapy. On those uncom- 
mon occasions when adverse reactions have 
been persistent or intolerable, with- 

drawal of medication has been followed 
promptly by cessation of undesirable 
symptoms. 


DOSAGE AND ADMINISTRATION - The rec- 
ommended dosage is 50 mg. (2 tablets) 
three times a day, taken at least one hour 
before meals. In some cases higher doses 
may be necessary but a significantly in- 
creased incidence of side effects is asso- 
ciated with increased dosage. Clinical 
response may not be evident before the sec- 
ond or third month of continuous therapy. 


For complete details, please see 
the full prescribing information. 





Boehringer 
Ingelheim 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 








If psychic tension 
interferes with 
cardiac rehabilitation, 
heres how 
Valium can help. 


(diazepam) 





During hospitalization, Valium (diazepam) 
can relieve psychic tension that can disrupt 
bed rest and mterfere with the rehabilita- 
,| tion program. 
MES Im yis After the MI patient is stabilized, a certain 
"aa ns =} ABS hu am 
RU EON Le] RS 273 amount of psychic tension is to be expected. 
Your reassurance, counseling and enlistment of family support can often minimize its 
effects. However, in some instances, the patient's thoughts may dwell constantly on his 
condition and how it will affect his life, thus producing excessive psychic tension that may 
present special problems. He may feel overwhelmed and be so burdened by these ten- 
sions that he is unable to rest and unable or unwilling to begin a program of rehabilitation 
Under these circumstances, Valium? (diazepam) can often be a beneficial adjunct. 
Valium can calm the cardiac patient and help reduce his psychic tension to appropri 
ate levels. Valium is used with most classes of primary medications such as cardiac glyco- 
sides, diuretics, vasodilators, anticoagulants, anticholinergics and antacids. Careful con- 
sideration should be given to the pharmacology of agents used with Valium, particularly 
those which may potentiate its action. 





During convalescence at home, Valium 
(diazepam) can reduce excessive anxiety that 
may hinder participation in active rehabilitation. 


Your counseling and the family's support do 
much to control the anxieties that may interfere 
with this stage of convalescence — a time when 
you may wish to encourage a gradual increase in 
activity. But in some patients, excessive anxiety 
may retard general progress. For them, Valium 
can be beneficial during the post-hospital tran- 
sition to full ambulation. And, because the con- 
valescent cardiac patient may be particularly prone to excessive tension and anxiety at 
bedtime, the addition of an A.s. dose of Valium to the b.i.d. or t.i.d. schedule can reduce 
these symptoms and thus may encourage sleep. Therapy with Valium should be discon- 
tinued when symptoms have been reduced to tolerable levels. 





What an informed cardiac patient should know about Valium therapy. 

The cardiac patient should know that he can generally expect Valium to help relax and 
calm him so that he won't feel so overwhelmed by his tension and anxiety. An explanation 
of the importance of the dosage regimen you prescribe may go a long way to ensure his 
cooperation. As with all CNS-acting agents, the patient taking Valium should be cau- 
tioned against driving or operating dangerous machinery. 


Val mum diazepam) 
2-mg, 5-mg, 10-mg tablets 
can relieve the cardiac patient's 
undue psychic tension 


For a summary of product information, see the following page. 


Valtum @iazepan) 


2-mg, 5-mg, Io-mg tablets 


can relieve 
the cardiac patients 





Before prescribing, please consult com- 
plete product information, a summary of 
which follows: 


Indications: Tension and anxiety states; 
somatic complaints which are concomi- 
tants of emotional factors; psychoneurotic 
states manifested by tension, anxiety, ap- 
prehension, fatigue, depressive symptoms 
or agitation; symptomatic relief of acute 
agitation, tremor, delirium tremens and 
hallucinosis due to acute alcohol with- 
drawal; adjunctively in skeletal muscle 
spasm due to reflex spasm to local path- 
ology, spasticity caused by upper motor 
neuron disorders, athetosis, stiff-man 
syndrome, convulsive disorders (not for 
sole therapy). 

Contraindicated: Known hypersensitivity 
to the drug. Children under 6 months of 
age. Acute narrow angle glaucoma; may 
be used in patients with cpen angle glau- 
coma who are receiving appropriate 
therapy. 

Warnings: Not of value in psychotic pa- 
tients. Caution against hazardous occupa- 
tions requiring complete mental alertness. 
When used adjunctively in convulsive dis- 
orders, possibility of increase in frequency 
and/ or severity of grand mal seizures may 
require increased dosage of standard anti- 
convulsant medication; ebrupt withdrawal 
may be associated with temporary increase 
in frequency and/ or severity of seizures. 


ARA 


undue 





sychic tension 


Advise against simultaneous ingestion of 
alcohol and other CNS depressants. With- 
drawal symptoms (similar to those with 
barbiturates and alcohol) have occurred 
following abrupt discontinuance (convul- 
sions, tremor, abdominal and muscle 
cramps, vomiting and sweating). Keep 
addiction-prone individuals under careful 
surveillance because of their predisposi- 
tion to habituation and dependence. In 
pregnancy, lactation or women of child- 
bearing age, weigh potential benefit against 
possible hazard. 


Precautions: |f combined with other psy- 
chotropics or anticonvulsants, consider 
carefully pharmacology of agents em- 
ployed; drugs such as phenothiazines, 
narcotics, barbiturates, MAO inhibitors and 
other antidepressants may potentiate its 
action. Usual precautions indicated in pa- 
tients severely depressed, or with latent 
depression, or with suicidal tendencies. 
Observe usual precautions in impaired 
renal or hepatic function. Limit dosage to 
smallest effective amount in elderly and 
debilitated to preclude ataxia or overse- 
dation. 


Side Effects: Drowsiness, confusion, diplo- 
pia, hypotension, changes in libido, nausea, 
fatigue, depression, dysarthria, jaundice, 
skin rash, ataxia, constipation, headache, 
incontinence, changes in salivation, slurred 
speech, tremor, vertigo, urinary retention, 





blurred vision. Paradoxical reactions such 
as acute hyperexcited states, anxiety, hal- 
lucinations, increased muscle spasticity, 
insomnia, rage, sleep disturbamces, stimu- 
lation have been reported; should these 
occur, discontinue drug. Isolated reports 
of neutropenia, jaundice; periodic blood 
counts and liver function tests advisable 
during long-term therapy. 


Dosage: Individualize for maximum bene- 
ficial effect. Adults: Tension, anxiety and 
psychoneurotic states, 2 to 10 mg b.i.d. to 
q.i.d.; alcoholism, 10 mg t.i.d. or q.i.d. in 
first 24 hours, then 5 mg t.i.d. or q.i.d. as 
needed; adjunctively in skeletal muscle 
spasm, 2 to 1C mg t.i.d. or q.i.d.; adjunc- 
tively in convulsive disorders, 2 to 10 mg 
b.i.d. to q.i.d. Geriatric or debilitated pa- 
tients: 2 to 2V mg, 1 or 2 times daily ini- 
tially, increasing as needed and tolerated. 
(See Precautions.) Children: 1 to 2¥2 mg 
t.i.d. or q.i.d. initially, increasing as needed 
and tolerated (not for use under 6 months). 
Supplied: Valium (diazepam) Tablets, 

2 mg, 5 mg and 10 mg; bottles of 100 and 
500. All strengths also available in 
Tel-E-Dose$ packages of 100. 


Roche Laboratories 
! Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 97110 





in paperback 
complete selections 
from Dr. Laragh s 


HYPERTENSION 
MANUAL 


! SOON 


for 
your special interest 


HYPERTENSION-MECHANISMS Approx. 500 pages—$12.50 
HYPERTENSION-METHODS Approx. 120 pages—$7.50 
HYPERTENSION-RENIN SYSTEM, DRUG THERAPY AND DIET approx. 120 pages—$7.50 


Edited by John H. Laragh, M.D. 

of the College of Physicians and Surgeons 
Columbia-Presbyterian in New York 

The classic treatise for 

understanding, diagnosing and treating hypertension. 
The most definitive work on the subject to date. 


Order all three for $25.00 (a $2.50 savings) 
or order individually according to your information needs. 
Expected publication date—November/December. 







IN paperback complete selections 
trom Laragh’s HYPERTENSION MANUAL 


Please send me [O Hypertension-Mechanisms for $12.50 

Q Hypertension-Methods for $7.50 

1] Hypertension-Renin System, Drug Therapy & Diet for $7.50 
G All three for $25.00 

















O Full Payment enclosed (save handling charges) O Bill me and add $1.00 for extra handling 





NAME i — SPECIALTY 


BOOKS ADDRESS 


666 Fifth Avenue 
New York, New York 10019 
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Note Foreign orders add $2.00 for shipping /in New York State acd appropriate sales tax 
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Holland 


What Philips Modular Generators ' 
can do for you is your choice. 


The principle is Modularity. With it, Philips offers eco- 
nomic and professional possibilities never before 
available in one family of X-ray generators. 


Modularity. With it, you have choices: 


The Choice of Which: Phil ps’ full line of modular 
generators ranges in power output from 50kw/125kV/ 
10ms to 150kw/150kV/1ms. Within that range is a 
generator to meet your needs now and years from now. 


The Choice of What: Each control-panel module 
performs specific functions. You select the capabil- 
ities (the modules) and virtually customize your gen- 
erator. With module additions or substitutions, the sys- 
tem can be adap:ed or extended to meet future needs. 
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The Choice of How Many: One Philips modular gen- 
erator becomes a full time-sharing program whenever 
you're ready. Simply add Philips Duplex and/or 
Philips APR control panels to the base generator. The 
combination will operate up to six different auxiliaries. 


The Sensible Choice: Add the unprecedented econ- 
omy of plug-in installation and rapid service, and 
Philips modular generators become the sensible 
choice. The only choice. For optimum economy and 
efficiency. For maximum space utilization. For vastly 
improved patient handling. 

The Choice of How: Modularity means flexibility. Philips modular generators. The choices grow on you 
Maximum options. So how you use a Philips modular 
generator is up to you. In radiography, choose from l i l 
four different operating modes. Or from up to 40 pre- Write for additional information. 

set exposures for Anatomically Programmed Radiog- PHILIPS MEDICAL SYSTEMS, INC. 
raphy (Philips APR). In fluoroscopy, all options lead A NORTH AMERICAN PHILIPS COMPANY 
to the quality imaging you expect from Philips. 710 Bridgeport Avenue, Shelton, Conn. 06484 
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THE AMERICAN COLLEGE OF 
i HW STE 


In observing its 25th Anniversary Year, the American College of 
Cardiology takes pleasure in announcing the availability of... 


ACCEL” SUPPLEMENT NUMBER TWENTY-FOUR 
entitled 


AN ORAL HISTORY OF TWENTY-FIVE YEARS 
OF AMERICAN CARDIOLOGY 
1949-1974 


This supplement, An Oral History of American Cardiology, is a rare jewel and will become a collector's item. Bound in 
a handsome vinyl album, the supplement contains five 60-minute audio cassette tapes. In their own voices, the great con- 
tributors to cardiac resuscitation, cardiac surgery, pacemakers, prosthetic devices, arrhythmias, medical therapy, preven- 
tive medicine, diagnosis and teaching describe their life and times. This living memoir, with voices, photographs, cur- 
riculum vitae, and bibliographies, celebrates the creative work in American Cardiology in the third quarter of this cen- 
rury—and honors the Twenty-fifth Anniversary of the American College of Cardiology. 


—————N 





One way of expressing the delight and merit of this Oral History is to remind ourselves of the pleasure we would nave 
if we could hear the voices of Laénnec, Harvey, Corrigan, Heberden, Withering, describing their work. 


Here on this Oral History are the voices of Adams, Bailey, Bing, Bishop, Burch, Cooley, Corday. DeBakey, Dexter, 
Doherty, Dustan, Edwards, Effler, Engle, Freis, Gofman, Griffith, Harrison, Hurst, Keys, Kouwenhoven, Kolff, LaDue, 
Likoff, Lillehei, Lown, Page, Ravin, Russek, Sodeman, Sokolow, Stamler, Taussig, Terry, Wood, Wright and Zoll. 


This supplement will make an outstanding gift for medical students and house officers and, equally, will give the listener 
who has experienced these productive years between 1949 and 1974, pleasure and knowledge. 


COST 4. 2 o a i o0 x © « w» » 34000 
Produced by: E. Grey Dimond, M.D. 


Editor-in-Chief, ACCEL™ 
Kansas Ciry, Mo. 


To: AGL ES 


9650 Rockville Pike, Bethesda, Md. 20014 


Please send me the ACCEL™ Supplement No. 24, AN ORAL HISTORY OF TWENTY-FIVE YEARS OF AMERICAN 
CARDIOLOGY. [I enclose $20.00 (U. S. Funds). (Make check payable to: The American College of Cardiology.) 
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Name: TA 
( Please Prin: ) 


Address: 


( Street ) 


( City | i | ( State) (Zip Code) 


Seminar on 


Clinical Echocardiography 


LONDON, ENGLAND 
MARCH 11—18, 1975 


This course has been organized to provide the clinician with an intensive exposure to the 

practical uses of echocardiography and to facilitate exchange of information and ideas 
among individuals interested in echocardiography from many different countries. The 
lectures and discussions are designed to be of relevance both to clinicians who are just 
beginning to apply echocardiography to their practice of medicine, as well as to those who 
are already sophisticated and experienced in its use. The Seminar sessions will take place on 
the mornings of March 13, 14 and 15. Afternoons and evenings are free to provide an 


opportunity to see London. 


Walter Henry, M.D. and Stephen Epstein, M.D., F.A.C.C.; Course Directors 
Harvey Feigenbaum, M.D., F.A.C.C. and Aubrey Leatham, M.D.; Guest Lecturers 


For program and registration information, write or call: 


for clinical 
applications 


€ Designed for clinical O.R. 
or cath lab use 


€ Easily applied handle- 
type probe 


€ Patient safety assured 
through isolation circuitry 


€ Simple to operate - 
minimum controls - direct 
meter readout in milliliters 
per minute 


Group Travel Consultants 
400 Park Avenue 
New York, N. Y. 10022 
(212) 752-1422 


for 
clinical 
applications 


€ Convenient, handle-ty pe 
probe with positive 
capture slide 


€ Designed for O.R. and 
cath lab use 


€ For rapid analysis of 
flow through exposed 
blood vessels 


€ Use with Biotronex 
clinical blood flowmeter 
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applications E 
@ Use with heart-lung £ 
machine, artificial kidney $ 


or similar systems 


€ iron core construction 
provides high sensitivity 
and accuracy 


€ Operates with BLI 
research and clinical 
blood flowmeters 


€ Available in sizes to fit 
most tubing 

















inmi nutes sit bedside, 
without central computer 
or teleph one tie-ins 


The Roche Mobile Computerized 
ECG Station contains its own 
minicomputer, recorder, and 
printer. Itcan eliminate the 
‘routine work associated 

with the reading of norma! | 
ECG's. It is highly accurate, * 
classifying correctly 95-98% of \ 
normal ECG’s, 85% of abnormals! 
tis fast, supplying a computer 
printout based on the widely 
accepted USPHS program 
within three minutes after 
readings are taken. 


There is a high degree of 
patient safety. Also, the Roche 
Station signals the operator 3 
immediately when tracingsare — *. 
being taken incorrectly or are E 
Of poor quality; it identifies 
interpretations that may be 
incomplete or equivocal. 


The Roche Mobile Station 

offers considerable savings over 
telephone tie-in ECG systems 
and-yet avoids the extensive 
investment required for a 
dedicated central computer. 
Economic feasibility studies and 
additional information ere 
available from Roche. 


Hochberg, HM. et al Automatic eleciro- 
A cardiogram analysis in rapid mass screening. 
- Arch, Environ. Heath, 15:390-398, 1967. 








multiple copies immadiately 
quantitative data and analysis at the same time 


l x: high performance ECG recorder 
span?" h 4d | with high noise rejection 
7 : -— amplifier 


Cart and ECG input 
electrically isolated 


single panel controls 
fuil 12-lead capacity 
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ROCHE MEDICAL ELECTRONICS DIVISION, HOFFMANN -LA ROCHE INC., CRANBURY, N.J. 08512 
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Coronary Thrombosis in Myocardial Infarction 


Report of a Workshop on the Role of Coronary Thrombosis in the 
Pathogenesis of Acute Myocardial Infarction* 


A. BLEAKLEY CHANDLER, MD 
Augusta, Georgia 

IRVING CHAPMAN, MD 
Elmhurst, New York 

LEIF R. ERHARDT, MD 
Stockholm, Sweden 


WILLIAM C. ROBERTS, MD, FACC 
Bethesda, Maryland 


COLIN J. SCHWARTZ, MD 
Hamilton, Ontario, Canada 
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DAVID M. SPAIN, MD, FACC 
Brooklyn, New York 


SOL SHERRY, MD, FACC 
Philadelphia, Pennsylvania 


PAUL M. NESS, MD 
Bethesda, Maryland 


TOBY L. SIMON, MD 
Bethesda, Maryland 


*This workshop was held May 21, 1973, at the 
National Heart and Lung Institute, National Insti- 
tutes of Health, Bethesda, Md. under the joint 
sponsorship of the National Heart and Lung In- 
stitute Thrombosis Advisory Committee and the 
American Heart Association Council on Throm- 
bosis. Manuscript accepted June 10, 1974. 

Address for reprints: Toby L. Simon, MD, Di- 
vision of Blood Diseases and Resources, Na- 
tional Heart and Lung Institute, National Insti- 
tutes of Health, Bethesda, Md., 20014. 


In recent years the widely held concept that coronary thrombi cause 
myocardial infarcts has been seriously questioned. On the basis of 
pathologic studies, several reports have suggested that coronary 
thrombi do not cause infarcts but instead are the result of infarction. 
Should these findings become generally substantiated, the antithrom- 
botic approach to the prevention and therapy of ischemic heart dis- 
ease must be revised. This workshop was organized to examine more 
closely this issue and to sort out reasons for such divergent views of 
the role of thrombosis in the pathogenesis of myocardial infarction. 


For many years, “coronary occlusion” or “coronary thrombosis” was a 
recognized clinicopathologic entity, and myocardial infarction was 
considered one of the sequelae. But over a period of time the view of 
this aspect of ischemic heart disease has changed. The entity once 
known as coronary thrombosis has gradually come to be known as 
“myocardial infarction.” This change in point of view has evolved for 
a number of reasons. 

The evolution of a new perspective on myocardial infarction was 
furthered by the work of Blumgart et al.,'-? who clarified many of the 
complex relations between coronary thrombi and collateral vessels. 
They found that thrombotic occlusion could occur without infarction 
when the collateral circulation appeared adequate, whereas infarcts 
that did develop usually could be attributed to an occlusive thrombus 
at a critical location in the coronary arterial tree. At times clinical 
manifestations were not evident, even in the presence of infarction. 
These investigators clearly established that thrombotic occlusion can 
occur with or without infarction, and in either case the event may be 
clinically silent. 

At about the same time Friedberg and Horn‘ published their pivo- 
tal work. In contrast to large thrombus-associated myocardial in- 
farcts, small patchy subendocardial infarcts were identified in the ab- 
sence of coronary occlusion. It was suggested that these subendocar- 
dial infarcts developed on the basis of acute relative insufficiency of 
coronary blood flow. Not only could coronary thrombi occur without 
infarction; it was now evident that infarcts could occur without 
thrombosis. 

At this stage came a turning point. On the basis of their findings, 
Friedberg and Horn* concluded that the clinical diagnosis of coro- 
nary thrombosis was no longer tenable, and that it would be more ac- 
curate to regard these cases as instances of myocardial infarction. 
Miller et al. then drew a sharp distinction between predominantly 
subendocardial infarcts that were rarely associated with coronary 
thrombi and predominantly transmural infarcts that were frequently 
associated with thrombi. | 

However, as physicians began to think of all types of myocardial 
infarction as one entity, the role of thrombosis seemed to become less 
and less well defined. At one extreme, the entire concept of coronary 
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thrombi causing infarcts has been challenged. Bran- 
wood and Montgomery$ tentatively concluded from 
their study that coronary thrombi are younger than 
the corresponding infarcts and that thrombosis, rath- 
er than the cause, is in fact the final event in infarc- 
tion. Similar conclusions have been reached by oth- 
ers.7-!! At the other extreme, some investigators!?-4 
have continued strongly to maintain the essential eti- 
ologic role of thrombosis in the pathogenesis of acute 
myocardial infarction. 

As reports on this controversial issue continued to 
appear, a workshop was organized to bring together 
some of the workers who hold these divergent views, 
in the hope that an open discussion of their own ob- 
servations and conclusions would shed some light on 
the basis of the controversy and give direction for 
future work. 


The Workshop 


The participants were in full agreement that the 
frequency of coronary thrombosis is low in cases of 
multifocal subendocardial infarcts occurring in the 
presence of advanced coronary sclerosis or ostial ste- 
nosis. There is substantial evidence that lesions of 
this sort can result from a relative lack of blood sup- 
ply to this dependent part of the myocardium, either 
from sudden increased work of the heart or decreased 
perfusion of the heart from some extrinsic cause. 
Thrombosis of major arteries as well as thrombotic 
obstruction of myocardial arteries also may be found 
in relation to small infarcts. It was recognized that 
one must search for thrombi or emboli in the small 
vessels as well as in the epicardial arteries before 
drawing firm conclusions about the frequency of 
thrombosis in association with these lesions. 

When infarcts that extend beyond the subendocar- 
dium were considered, it was evident that coronary 
thrombosis was frequent, occurring in 86 to 96 per- 
cent of the cases in most series, and found in 54 per- 
cent in one series (Table I). It is about this type of 
large, often transmural, infarct that so much contro- 
versy has arisen concerning the etiologic role of 
thrombosis. Granted that thrombosis is commonly 
associated with these infarcts, the question raised is 
whether the thrombus is primary and causative, or 
simply secondary in origin to the infarct itself. 
Therefore, in preparing summary reports for this 
paper after the workshop, each investigator placed 
emphasis on the significance of coronary thrombosis 
in the pathogenesis of transmural infarction. 


Transmural Infarcts 


To establish a common basis for evaluation of data, 
a working definition that encompasses the type of in- 
farcts under consideration by each investigator was 
sought. The infarcts described in each report general- 
ly fall into the group of “transmural” infarcts. Miller 
et al,? who first introduced the term to convey a 
sharp contrast with *subendocardial," restricted its 
use to infarcts that involve at some point the entire 
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thickness of the myocardium.!? A concept of 
transmural has been adopted that is not so restric- 
tive, yet is realistic and meaningful in relation to the 
data in each report. À unifocal and regional infarct 
that extends through one half or more of the septal or 
free ventricular wall is considered transmural. This 
modified concept, although broad, serves to exclude 
subendocardial infarcts. Although Chapman and 
Schwartz classify infarcts by size alone and not ex- 
tent through the wall, their cases clearly belong to 
this grouping of regional transmural lesions. Thus, all 
cases in these series can be characterized by this 
working definition as regional transmural infar¢ts. 

The age of the lesions considered to be acute varies 
considerably among the series (Table I). Acute in- 
farcts in some series are limited to those less than 2 
weeks old; other series include infarcts of 4 to 6 
weeks’ duration. Roberts notes continued infarction 
in his cases of 3 to 6 weeks’ duration. In these reports, 
therefore, a wide age range must be taken into ac- 
count when considering an infarct acute. 

Further analysis of Table I reveals that regional 
transmural infarcts are spatially related to the coro- 
nary thrombi in that the occlusions uniformly occur 
in arteries supplying the infarcted myocardium. The 
thrombi develop at the site of severe atherosclerotic 
narrowing, often in association with an acute lesion of 
an underlying plaque. When temporal relations be- 
tween the recent thrombi and acute infarcts are con- 
sidered, unanimity of opinion is lacking. Sinapius 
and Spain discuss some of the problems encountered 
in assessing the age of lesions by histologic means 
alone, and Erhardt introduces a new approach to the 
dating of thrombi in coronary arteries. These find- 
ings and the conclusions concerning the role of coro- 
nary thrombosis in transmural myocardial infarction 
are presented in more detail in the individual reports 
that follow. 


Summary Reports 

Chapman 

In 1968, I reported on a prospective autopsy study 
of 292 cases of acute myocardial infarction.!? Ten of 
the cases had multiple infarcts of the heart and 282 
had a single infarct. À recent coronary artery occlu- 
sion by thrombus was associated with 257 (91 per- 
cent) of the cases with a single infarct. In another two 
cases, instead of a thrombus, the occluding mass was 
a bolus of atheromatous debris extruded from an ul- 
cerated atherosclerotic plaque. Since then I have ex- 
amined an additional 121 cases of acute myocardial 
infarction and found a coronary thrombotic occlusion 
present in 110 (91 percent) (unpublished data). In all 
but two instances, the occlusion was in an extramural 
branch of a coronary artery that subtended the in- 
farct. The statistically close association of thrombotic 


arterial occlusion and acute myocardial infarction S 


and their consistent topographic relation indicate a 
causal relation. 

To determine why my observations were similar to 
those of some authors and disturbingly different 
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from those of others, I reviewed and analyzed the 
available reports on the relation of coronary artery 
occlusion and acute myocardial infarction and con- 
cluded that the differences in observations were due 
to differences in definition and method of examina- 
tion.12.16 

I defined an acute myocardial infarction as a well 
defined zone of necrosis at least 2.5 cm in greatest di- 
mension.!? The necrosis was usually uniform and the 
estimated histologic age was less than 1 month. Al- 
though this definition is arbitrary, it describes the 
findings at autopsy of patients with characteristic 
signs and symptoms of acute myocardial infarction. 
Small zones of myocardial necrosis, practically al- 
ways multifocal and subendocardial in distribution, 
were eliminated from consideration. The infarcts, for 
the most part, fell into the group of infarcts consid- 
ered in this workshop as transmural. 

Pathogenesis of the coronary thrombus: In a 
study that demonstrated that coronary thrombi were 
formed on an eroded intimal surface, I showed that 
the force that disrupted the intima proceeded from 
within the vascular wall and was directed toward the 
lumen.19.!? Į also pointed out that the distal border of 
a coronary arterial thrombus is separated by 1 to 2 
cm of uninvolved artery from the closest margin of an 
anterior or lateral wall infarct and by 1 to 5 cm from 
posterior and diaphragmatic wall infarcts.!? It was 
apparent from the consistency of these findings that 
they had pathogenetic significance in the formation 
of the thrombus and acute myocardial infarction, and 
the only conclusion these findings would permit was 
that the coronary thrombus preceded and caused the 
infarction. 

The thrombus precedes and causes the infarct: 
If the acute myocardial infarction preceded the 
thrombus, one would have to make the improbable 
assumption that the infarct consistently caused a 
force to be generated within the arterial wall, with a 
vector toward the lumen, which disrupted the intima 
beneath the thrombus. To accept such an assumption 
is especially difficult since intimal erosions with and 
without superimposed thrombi are often seen with- 
out associated infarcts. Furthermore, if the acute 
myocardial infarction caused the thrombus, some of 
the occlusions would be distributed haphazardly 
around the periphery and within the confines of the 
infarct; hence, the consistent presence of the occlu- 
sion in a subtending branch of the coronary artery 
separated from the closest margin of the infarct by a 
segment of uninvolved artery supports the opinion 
that the thrombus precedes and causes the infarct. 


Erhardt 


Study of coronary thrombi by !?5*iodine-labeled 
fibrinogen: In an attempt to clarify the controversial 
time-relation between the coronary thrombus and 
necrosis in acute transmural infarction, the incorpo- 
ration of !?5jodine-labeled fibrinogen into coronary 
thrombi was studied.? Patients admitted to a coro- 


nary care unit for suspected acute myocardial infarc- 
tion were given 100 uc of !*5iodine-labeled fibrinogen. 
In seven patients who subsequently died of acute 
myocardial infarction, the coronary thrombus was 
isolated at autopsy and cut into pieces that were dis- 
solved in a tissue solubilizer. The presence of radio- 
activity was then measured in a scintillation counter. 
In five patients the fibrinogen was given within 15 
hours from the onset of symptoms. In one patient it 
was given almost 3 days before clinical evidence of 
the infarction, and in another not until 47 hours after 
the onset of symptoms. In all patients except the lat- 
ter, the entire thrombus was radioactive. In this lat- 
ter patient only the end parts of the thrombus con- 
tained radioactivity, whereas the major central por- 
tion was nonradioactive. In five of the seven patients 
the activity was lowest in the most distal part of the 
thrombus. Postmortem clots studied as controls con- 
tained only trace amounts of radioactivity. 

All patients except one had electrocardiographic 
signs of transmural infarction before the injection of 
fibrinogen. 'The subsequent enzyme analysis support- 
ed the view that the onset of symptoms corresponded 
to the onset of myocardial necrosis. All patients died 
within 2 weeks of the onset of symptoms. At autopsy 
all patients except one had gross signs of transmural 
infarction, that is, an infarction extending at any 
point throughout the ventricular wall from the 
subendocardium to the epicardium. In the patient 
without gross signs of fresh myocardial infarction, 
the subsequent microscopic examination revealed 
transmural necrosis. The infarcts occurred in the re- 
gion supported by the occluded coronary artery. Six 
of the seven patients had severe atherosclerotic ste- 
nosis at the site of thrombosis and three of those six 
patients also had an ulcerated plaque at this site. 

The coronary thrombus in myocardial infarc- 
tion is a secondary event: The results of this study 
favor the notion that the coronary thrombus in acute 
transmural infarction is a secondary event. However, 
the technique used cannot exclude the presence of a 
small nonradioactive portion. Such a small “primary” 
thrombus or platelet aggregate, even if not occlusive, 
might still be the start of the process leading to acute 
necrosis of the myocardium. 

The reduced radioactivity toward the distal end of 
the thrombus in five of the patients can theoretically 
be explained in several ways. There might be a differ- 
ent amount of fibrinogen in the distal part of the 
thrombus when less radioactive fibrinogen was avail- 
able for incorporation, and this explanation seems 
most attractive. That a distal growth takes place is 
best shown by the patient given the fibrinogen 47 
hours after the onset of symptoms. Furthermore, as 
suggested by findings in this patient, thrombus for- 
mation might still occur as late as 47 hours from the 
onset of symptoms. However, this patient had the 
longest thrombus, 70 mm, and thrombi in the coro- 
nary arteries are usually shorter. Consequently, most 
thrombi might form more rapidly. 
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Roberts 


' It is generally agreed that patients with fatal 

transmural acute myocardial infarction have exten- 
sive and severe coronary atherosclerosis. The re- 
ported frequency of superimposed thrombi in these 
vessels, however, has varied considerably. This pre- 
sentation summarizes observations on the coronary 
arteries in 74 patients with fatal transmural acute 
myocardial infarction.!? 

The 74 patients ranged in age from 26 to 90 years 
(average 60); 52 (70 percent) were men and 22 (30 
percent) women. Systemic hypertension had been 
known to be present in 33 (45 percent), and 26 (35 
percent) were known to have had diabetes of adult 
onset. None of the latter patients were treated by in- 
tramuscularly administered insulin. The maximal in- 
terval between onset of symptoms of acute myocar- 
dial infarction and death was 45 days. Six patients 
survived more than 21 days, and each had clinical ev- 
idence of continuing myocardial infarction. 

Pathologic findings: At necropsy, the major coro- 
nary arteries (left main, left anterior descending, left 
circumflex and right) were excised intact from the 
hearts. Each artery was put in a separate container of 
formalin, fixed and decalcified. After decalcification, 
the coronary arteries were sectioned at 0.5 cm inter- 
vals, and all segments were processed for histologic 
study. At least two histologic sections were examined 
from each 0.5 cm segment. The hearts were weighed. 
'The ventricles were sectioned transversely and foci of 
necrosis or fibrosis were recorded. Necrosis was con- 
sidered transmural if it extended more than 50 per- 
cent through the free wall of the left ventricle or ven- 
tricular septum beginning at the endocardium. For- 
tunately, nearly all areas of necrosis involved more 
than 75 percent of the myocardial wall (from endo- 
cardium to epicardium), and usually 100 percent was 
involved. At least four sections of left ventricular wall 
also were examined histologically in each patient. 

Of 222 major coronary arteries in the 74 patients, 
the lumen in 168 (76 percent) was narrowed more 
than 75 percent by old atherosclerotic plaques. An 
average of 2.3 per patient of the three major arteries 
(left anterior descending, left circumflex and right 
coronary) were narrowed more than 75 percent by old 
atherosclerotic plaques. Thus, in 58 (78 percent) of 
the patients more than two major coronary arteries 
were narrowed to this degree by old atherosclerotic 
plaques. Thrombi were observed in a major coronary 
artery in 40 (54 percent) of the 74 patients. Hemor- 
rhages into atherosclerotic plaques were found in 20 
(27 percent). The heart in 56 (76 percent) weighed 
more than 400 g. | 

The thrombi in each of the 40 patients were super- 
imposed on old atherosclerotic plaques. The lumens 
of the coronary arteries at the site of distal attach- 
ment of the thrombus or just distal to the antemor- 
tem clots were more than 75 percent narrowed by old 
atherosclerotic plaques in 38 of the 40 patients with 
thrombi. Only one coronary thrombus was observed 


in 37 of the 40 patients. The site of myocardial necro- 
sis in each corresponded properly with the artery 
containing the thrombus. All patients with antemor- 
tem clots in the left anterior descending vessel, for 
example, had anterior wall infarcts. This vessel was 


the artery most frequently containing a thrombus. Of — 
the coronary arteries containing thrombi, the residu- _ 


al lumen, that is, the lumen not already obliterated 


by old atherosclerotic plaques, was totally obliterated . 
in 80 percent, and the thrombi were nonocclusive or : | 


mural in the other 20 percent. There were no sex dif- 
ferences among patients with or without coronary ar- 
terial thrombi. Anticoagulant agents were given dur- 
ing the period of acute myocardial infarction in 27 
patients, and at necropsy 8 of them had a thrombus 


^ 


in a major coronary artery; 3 of them had a hemor- _ 


rhage into an old atherosclerotic plaque. None of the 


intramural coronary arteries showed significant lumi- 


nal narrowing. 

The coronary thrombus is consequence rather 
than cause of acute myocardial infarction: The 
patients with coronary thrombi usually were those 
who had had cardiogenic shock. Coronary thrombi 
were infrequent in patients who died suddenly and in 
those without evidence of pump failure. Because the 
arteries were already severely narrowed, the func- 
tional significance of the thrombi is uncertain. Fur- 
thermore, as previously reported,!? it was found that 
patients who died suddenly, with or without previous 
evidence of ischemic heart disease, and patients with 
infarcts limited to the subendocardium rarely had 
coronary thrombi. The infrequency of thrombi in pa- 
tients who died suddenly, with or without infarction, 
and their presence for the most part only in patients 
with transmural infarction strongly suggest that cor- 
onary thrombi are consequences rather than causes 
of acute myocardial infarction. 


Schwartz 


There would appear to be two distinct populations 
of myocardial lesions characterized by necrosis or re- 
placement fibrosis, or both—namely, large and small 
lesions.!8 These have been examined in some de- 
tail.!9:2° Large lesions were found to extend over a 
distance of 4 to 8 cm along the long axis of the heart, 
with a volume in excess of 8 cc. Most small lesions 
were found to show no clear relation with the degree 
of coronary artery stenosis or occlusion, but were 


more frequent in older patients. Large lesions, on the © 


other hand, which can be considered examples of 
transmural myocardial infarction, were clearly relat- 
ed both to the degree of coronary artery stenosis, and 
the presence of coronary artery occlusion.!9-?9 It is 


therefore of more than academic interest to define — 
the size of myocardial lesions in determining the rela- - 


tion of coronary thrombosis to myocardial infarction. 


Factors determining frequency of occlusive 


coronary thrombi: A number of factors are clearly 


related to the frequency with which one finds occlu- _ 
sive coronary arterial thrombi in the hearts of pa- — 
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tients with myocardial infarction.2!:22 These include 
the definitive histopathologic presence of infarction, 
infarct size and location, and the histologic age of the 
infarct. Other factors probably contributing to the 
current discrepant published results include sample 
bias, the care and techniques employed at necropsy 
and the facile inclusion of all cases of sudden cardiac 
death in the category acute myocardial infarc- 
tion.*!,22 : 

Mitchell and Schwartz!? noted that the frequency 
. of occlusion was significantly less in patients with in- 
farcts histologically more than 4 months of age (66.7 
percent) than in patients with more recent infarction 
(in excess of 90 percent). Moreover, the nature of oc- 
clusions found was clearly dependent on infarct age, 
with a significant decline in the frequency of recent 
thrombi, and a relatively proportionate increase in 
the percent frequency of occlusion due to recanaliz- 
ing thrombi and atheromatous plaques, with increas- 
ing infarct age. 

The occlusion status of patients with both a classic 
history of myocardial infarction and electrocardio- 
graphic evidence of transmural infarction (the pres- 
ence of pathologic Q waves) was analyzed.!? It is clear 
that in such selected patients the data on frequency 
and nature of occlusion are similar to findings in a 
larger series of patients with unequivocal infarc- 
tion but without electrocardiographic evidence of 
transmural infarction. Perhaps, therefore, the pres- 
ence of transmural infarction is merely a reflection of 
the extent of ischemic necrosis rather than evidence 
for a different pathogenesis. However, in making this 
comment one should be aware of the discrepancies 
that relate to some cases of “infarction,” often cir- 
cumferential and located principally in the subendo- 
cardial region, that appear to have a lesser frequency 
of occlusion. 

There is a causal rather than secondary rela- 
tion between thrombosis and infarction: Myocar- 
dial infarction, defined in this presentation with re- 
spect to lesions of large size and recent histologic age, 
is associated with a high, although not universal, fre- 
quency of coronary thrombosis. We found recent cor- 
onary thrombi in 18 of 21 hearts (86 percent) with 
single large recent infarcts less than 2 weeks of age 
histologically.?? Furthermore, in each case an average 
of two arterial segments were occluded. In addition, 
and possibly of critical importance, is the observation 
that most thrombi occur proximally in the arteries 
anatomically subtending the areas of infarction. This 
anatomic dependence is consistent with a causal 
rather than a secondary relation between thrombosis 
and myocardial infarction. The occasional case of re- 
cent transmural infarction in which no thrombus is 
found may result from a low cardiac output produc- 
ing an inadequate regional perfusion in the presence 
of severe coronary artery stenosis. 


Sinapius 


Pathologic observations: In a series of 206 autop- 
sy cases of acute myocardial infarction having a dura- 


tion within 4 weeks of clinical onset, I found 184 oc- 
cluding or severely narrowing thrombi of the sup- 
porting extramural coronary arterial branches.!* 
There were 164 thrombi in 170 transmural infarc- 
tions (96.5 percent) and 20 thrombi in 36 smaller in- 
farctions (55.5 pereent). Transmural infarcts extend- 
ed through almost the entire thickness of the ventric- 
ular wall infarcted and measured at least 4 cm in di- 
ameter. There was no evidence that the incidence of 
thrombosis increased with the duration of survival of 
the patient after the onset of symptoms. Early in- 
farcts with a patient survival time of 6 to 24 hours 
were as frequent in the group with coronary arterial 
thrombosis (24 percent) as in the group without 
thrombosis (25 percent). Moreover, evidence of pump 
failure syndrome or congestive heart failure was a lit- 
tle more frequent in cases without thrombosis then in 
cases with thrombosis. 

A study of the size and appositional growth of $1 of 
the thrombi demonstrated that the average length of 
thrombi was 16.6 mm in the left anterior descending 
branch and 24.3 mm in the right coronary artery.?? 
Distal apposition was noted in 50 percent and proxi- 
mal apposition in 22 percent of the thrombi. Proxi- 
mal apposition was found almost exclusively in the 
right coronary artery. In two thirds of the thrombi 
the proximal end was found within the first 3 cm of 
the main branch. 

The oldest portions of 67 of the coronary arterial 
thrombi, which were cut in transverse sections and 
studied by serial sections, occurred according to his- 
tologic estimation either before or with the onset of 
clinical symptoms, in no case definitely later. In 33 of 
these 67 thrombi (49.3 percent) a multilayered struc- 
ture suggested a recurrent or protracted course. In 
seven of the cases the thrombi according to histologic 
estimation must have developed before the onset of 
clinical symptoms. Most of the occluding coronary 
arterial thrombi occurred over tears in atheromata. 

Temporal and causal relation between throm- 
bus and infarction: The constant local relation be- 
tween the site of coronary arterial thrombosis and 
the supported and infarcted area suggests a temporal 
and causal relation between coronary thrombosis and 
myocardial infarction. Thrombosis often occurs in 
two to three episodes beginning with a flat platelet 
thrombus and completed by further mural thrombi 
until a terminal thrombus occludes the rest of the 
lumen. Clinical experience suggests that mural 
thrombosis without necrosis may produce prodromal 
symptoms, such as severe attacks of angina pectoris 
or ischemic signs in the electrocardiogram, even be- 
fore the real infarction. The acute infarction itself is 
caused only by the subsequent complete occlusion. 


Spain 

For several decades it has been generally undisput- 
ed that in persons with various degrees of stenotic 
coronary atherosclerosis, the development of coro- 
nary arterial thrombi is the major cause of myocar- 
dial infarction. Confusion concerning the role of the 
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thrombus in myocardial infarction occurred in recent 
years for several reasons. The failure to recognize the 
fact that coronary thrombi are primarily and almost 
invariably associated with the transmural (regional, 
unifocal) infarct involving all or more than half the 
thickness of the ventricular wall, and only occasional- 
ly associated with the subendocardial (nonregional, 
multifocal) infarct, led to the indiscriminate lumping 
together of all infarcts and obscured the basic and 
close statistical relation between coronary thrombi 
and the transmural infarct.?4 

Myocardial ischemia vs. myocardial infarction: 
There was also a misinterpretation of the fact that 
episodes of acute myocardial ischemia terminating in 
sudden and unexpected death are generally not 
caused by recent coronary thrombi. This error is 
probably due to the interchangeable and indiscrimi- 
nate use of the terms myocardial ischemia and myo- 
cardial infarction. Ischemia certainly does not mean 
infarction. It is but an early step on the road to in- 
farction and need not proceed to the point of cell 
death. Ischemia is often reversible. An infarct is not 
reversible. An acute thrombus may not necessarily be 
the prime initiating event in the precipitation of 
many ischemic episodes terminating in sudden death. 
This fact, however, by no means negates the classic 
view that with few exceptions transmural myocardial 
infarcts are preceded by the recent formation of 
thrombi at the site of well established coronary ath- 
erosclerosis. The consistent regional anatomic rela- 
tion between recent coronary thrombi and infarcts is 
strong evidence of the causative role of thrombosis in 
infarction. 

Frequency of coronary thrombosis in transmu- 
ral infarction: Recent studies (personal and other- 
wise) of consecutive autopsies in cases of death due 
to myocardial infarction derived solely from modern 
coronary care units and consisting entirely of fatal 
cases of pump failure and cardiogenic shock reveal 
that approximately 90 percent of all transmural in- 
farcts are preceded by regional coronary arterial 
thrombi. We found that 45 of 50 recent transmural 
infarcts having a clinical age of no more than 2 weeks 
were associated with recent coronary thrombi (un- 
published data). In most previous autopsy studies of 
patients with myocardial infarction the deaths due to 
arrhythmia and pump failure have been classified to- 
gether, and the frequency of coronary thrombi in this 
overall group ranged from 45 to 70 percent. The elim- 
ination of arrhythmia as a cause of death in myocar- 
dial infarction by modern therapeutic technique has 
also eliminated the cases coming to autopsy showing 
only subendocardial necrosis and no transmural in- 
farction. : 

Factors leading to misinterpretation of rela- 
tion of thrombus and infarct: The failure to recog- 
nize that the process of ischemia and infarction may 
be a continuum beginning with ischemia, at first re- 
versible, then in some instances only developing 
subendocardial necrosis, which may sooner or later 
be followed by the onset of a thrombus, which in turn 
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produces a transmural infarct, may lead to a misin- 
terpretation of the relative ages of the thrombus and 
the infarct as determined by histologic examination. 
The earlier necrotic foci may reveal various degrees 
of repair. With the appearance of a thrombus, these 
preexisting areas of necrosis may become incorporat- 
ed into the new and more extensive transmural in- 
farct. This combination of events can create the mis- 
taken impression that the total area of myocardial 
necrosis antedated the development of the thrombus. 

Infarcts vary in their appearance and state of pro- 
gression in different areas. Myocardial tissue sup- 
plied by the occluded vessel does not consist of ho- 
mogeneous areas of necrosis. Rather, surrounding a 
region of central necrosis are patchy areas of abnor- 
mal to viable myocardium. These partially altered 
ischemic areas may enlarge for approximately 18 
hours after the initial occlusion. After this period the 
central area of necrosis expands more rapidly. There- 
fore, the timing and location of histologic sectioning 
can profoundly influence the findings and hence the 
conclusions concerning infarct age. Likewise, thrombi 
may enlarge after their initial development, and the — 
latest additions may appear younger than the preex- 
isting infarct. Sections taken from such a thrombus 
may lead to the erroneous conclusion that the entire 
thrombus developed after the infarct. 

The selection and the source of the cases may also 
influence the frequency of coronary arterial thrombi 
in autopsy studies on myocardial infarct deaths. In 
my experience extending over more than 30 years at 
four major hospitals and covering all categories of 
hospital populations (city, county, voluntary commu- 
nity and university medical center), the association 
of coronary thrombi with myocardial infarcts of all 
types, as seen in consecutive autopsies, has ranged 
from 45 to 70 percent. In recent years, when the se- 
lection of cases no longer included the subendocar- 
dial infarcts associated with electrically caused 
deaths, the frequency of thrombi in the remaining 
cases (consisting entirely of those with transmural in- 
farcts) was 90 percent. 


Discussion 


These reports, which summarize the observations 
and conclusions of each investigator, bring into sharp 
relief the major points of agreement and disagree- 
ment. A recurring question at the workshop was 
whether there was uniformity in the pathologic crite- 
ria used for transmural infarction. It was thought es- 
sential to answer this question in order properly to 
assess the role of thrombosis in myocardial infarc- 
tion. The working definition of regional transmural 
infarction adopted in this paper includes each work- . 
er's material. Moreover, and equally important, there _ 
can be little doubt that the small patchy subendocar- _ 
dial infarcts known to be infrequently associated 
with coronary thrombi are excluded. 


Frequency of Coronary Thrombosis | 
In these reports a high frequency of coronary — 
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thrombosis is found in acute transmural infarction. 
The frequency of thrombosis in Roberts’ cases, al- 
though high, is somewhat lower than that of the other 
reports. No satisfactory explanation for this disparity 
emerged during the workshop. The possibility of dif- 
ferences in methodology was thought unlikely. Con- 
sideration of other variables such as certain factors 
relative to the population under study also was unre- 
warding. For example, in Roberts’ cases many of the 
hearts were hypertrophied, and the question was 
raised whether this variable could influence the fre- 
quency of thrombosis or relative size of the infarcts. 
This too seems an unlikely basis for the disparity 
since hypertrophy is a common finding in all series. 
Spain specifically stated that he finds no difference 


in frequency of thrombosis in cases with and without 


hypertension. 

Age of the acute lesions: One factor, not hereto- 
fore considered in any detail, is the actual age of the 
acute lesions under study. Even though the size and 
extent of the infarcts are similar from one series to 
another, could there be significant differences in the 
ages of the infarcts? Schwartz presented data at the 
workshop showing that thrombi decline in frequency 
as infarcts become older, whereas atherosclerotic 
plaques increase in number. 'This observation could 
signify that incompletely lysed thrombi are trans- 
formed into atherosclerotic plaques as they are orga- 
nized and incorporated into the arterial wall.!9?9 An 
occlusive thrombus could be organized into an inti- 
mal plaque after first retracting to a parietal posi- 
tion.?5%® The work of Mitchell and Schwartz!*?? 


- suggests that transformation takes place between the 


2nd and 16th weeks after infarction. The rate of 
change probably depends on thrombus size and sta- 
bility, thrombolytic activity and the preexisting state 
of the artery. Occlusive thrombi produced experi- 
mentally in previously normal coronary arteries can 
retract and become converted to sclerotic plaques in 
as short a period as 3 weeks.?* 

In these reports the age of infarcts was estimated 
by two equivalent means: either by histologic criteria 
originally derived from clinical data?’ or by direct es- 
timate from the date of onset of clinical manifesta- 
tions in each case. There is a fairly wide spread in the 


age of lesions considered to be acute. The infarcts 


range in age from up to 2, 4 and, in one series, 6 
weeks. It would seem possible therefore that the sev- 
eral series are not closely comparable in terms of the 
age of lesions, and that this variable could account in 
part for the recorded differences in frequency of cor- 
onary thrombosis. Certainly any future prospective 
study should have well defined limits for the age as 
well as topography of the lesions. 

Although factors of variance are difficult to identi- 
fy, the strong influence of case selection is under- 
scored by the repeatedly confirmed observations of 
coronary thrombosis in cases of spontaneous rupture 
of an infarcted heart. In this condition infarcts are 
usually only a few days old. They extend through the 
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entire thickness of the ventricular wall, and coronary 
thrombosis is found in virtually every case.?9.90 . 
Thrombosis in absence of infarction: Coronary 
thrombosis in ischemic heart disease is not confined 
to its association with infarction; both occlusive and 
nonocclusive coronary thrombi may occur in the ab- 
sence of infarction.'?€ Furthermore, in time the reso- 
lution of thrombi and the conversion of residual 
thrembi to atherosclerotic plaques will obscure the 
true incidence of coronary thrombosis in any given 
case.?? The frequency of coronary thrombosis and the 
extent of the thrombotic contribution to plaque for- 
mation will remain uncertain until more sensitive 
methods for detecting old and recent thrombi in pa- 
tients and in pathologic material are developed. 


Significance of Coronary Thrombosis 


The determination of whether thrombosis plays a 
causative role in the pathogenesis of infarction de- 
pends ultimately, of course, on the evidence that one 
precedes the other. A number of factors in regard to 
both spatial and temporal relations bear on this 
point, but essential to any consideration of evidence 
must be the recognition that neither thrombi nor in- 
farcts are static in nature. They both take time to de- 
velop and evolve. Since the estimation of the age of 
either an infarct or a thrombus in histologic material 
is at best crude, comparison of the age of one with the 
other is made doubly hazardous. Spatial relations be- 
tween thrombi and infarcts, however, are usually 
more readily determined. 

Spatial relations: The pathologists who hold that 
coronary thrombi cause infarcts point out that the 
thrombi are consistently located in a proximal posi- 
tion in the artery or arteries supplying the infarcted 
myocardium. Chapman further emphasizes that 
thrombi are never found haphazardly or within the 
infarcted tissue where they might be considered sec- 
ondary to necrosis, but are always separated from the 
infarct by a segment of uninvolved artery. In many 
cases Schwartz finds multiple thrombotic occlusions 
that are always in a position subtending the infarct. 
Even though a thrombus may seem far removed from 
the site of infarction, the presence of anastomotic 
collateral vessels may place the remote thrombus at a 
critical point in the coronary circulation.! 

The ischemic effect of thrombosis occurring in cor- 
onary arteries already severely narrowed by sclerosis 
is questioned by Roberts, who thinks the functional 
capacity of such vessels is uncertain. Luminal size in 
postmortem material, however, may be difficult to 
equate with true size and capacity in life. As Wissler 
suggested at the workshop, collapse of the lumen in 
histologic material may give an unreliable measure- 
ment. Experimental flow studies in arteries have con- 
sistently shown that no significant reduction in re- 
gional flow occurs until the lumen is narrowed by 80 
to 90 percent,*! a finding that has recently been con- 
firmed in the coronary arteries of man.?? 'These ob- 
servations?'?? tend to support the idea that sclerotic 
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arteries are of functional significance within a wide 
range of stenosis. 

The constant local relation between thrombi and 
infarcts fits the concept that thrombi play a causal 
role, but it does not exclude the possibility of a secon- 
dary origin. If the thrombus is primary, its localiza- 
tion at any given point in the artery must be ex- 
plained.!? Usually there is an explanation. In most 
cases the thrombi are found to arise at specific sites 
of rupture or ulceration of atherosclerotic plaques. 
Therefore, in evaluating the role of coronary throm- 
bosis on the basis of spatial relations, both the con- 
stant proximal location of thrombi and the underly- 
ing acute arterial lesion must be considered. 

Temporal relations: Still, to clarify fully the role 
of thrombosis in infarction, the time of thrombus for- 
mation in relation to the onset of infarction must be 
known. Thrombus age can be roughly estimated by 
histologic criteria, but at times even these crude esti- 
mates are made less precise when the thrombi have a 
layered appearance indicating protracted and epi- 
sodic growth. Sinapius frequently finds histologic ev- 
idence of recurrent thrombosis in coronary arteries. 
He thinks the initial symptoms of myocardial isch- 
emia in some cases may reflect the development of 
mural thrombi, which then grow to occlude the 
lumen and produce sufficient ischemia for infarction 
to occur, an idea similar to that proposed by Feil.?? In 
cases now considered to be the “intermediate syn- 
drome,"?4^ a mural thrombus, if present, could pro- 
gress to the point of occlusion or it could cease to 
grow and regress. 

Spain notes that infarcts as well as thrombi may 
have multiple ages. As a thrombus continues to grow 
after its initial development, ischemia is intensified 
and the zone of infarction progressively enlarges. 
Small older subendocardial infarcts may become in- 
corporated into a developing transmural infarct. This 
form of protracted thrombus growth and progressive 
infarction makes the usual histologic criteria for esti- 
mating the age of lesions even less reliable, and pro- 
vides some basis for differences in interpretation. 

Erhardt presented a new approach to the estima- 
tion of the age of coronary thrombi in cases of infarc- 
tion by means of administering radioactive !?^iodine- 
tagged fibrinogen.??^? Coronary thrombi were shown 
to incorporate labeled fibrinogen that was adminis- 
tered after the development of clinical evidence of in- 
farction. Although this finding could indicate a sec- 
ondary origin of a thrombus after infarction, it is also 
consistent with extension of a preexisting primary 
thrombus since the technique used cannot exclude 
the presence of a small nonradioactive portion. How- 
ever, lack of correlative histologic evaluation of the 
thrombi in these cases does not permit assessment of 
propagation or recurrent thrombus growth. Another 
factor could make interpretation difficult. Sherry 
and Hirsch suggested that plasma containing ra- 
dioactive fibrinogen could perfuse a preexisting 
thrombus. At the workshop, Hirsch described his 


studies showing that labeled fibrinogen can permeate 
an experimental venous thrombus after it forms, a 


finding also recently reported by Kravis et al.°6 — 


Schwartz referred to experiments that suggest fibrin- 
ogen could penetrate a thrombus even if endothelial- 
ized.°’ Until these factors are taken into account, Er- 
hardt emphasizes that their initial studies must be 
cautiously interpreted. 

In the occasional instances when infarcts develop 
in association with occlusion of coronary arteries by 


thromboemboli originating outside the coronary cir- _ 


culation, temporal relations are more clear-cut. In 
these cases, just as in other organs of the body, it 
would seem fairly certain that thrombotic occlusion 


of the arterial lumen precedes the development of in- _ 


farction.?5?? Moschos cited experimental evidence 
that microemboli arising from a thrombus within a 
coronary artery can enlarge a zone of regional infarc- 
tion.*? Microemboli alone may have ischemic effects. 
After the infusion of a platelet aggregating agent into 
the coronary circulation, Jórgensen et al.*! observed 
the development of myocardial infarcts. These exper- 
iments suggest that similar microembolic phenomena 
recently reported? in cases of ischemic heart disease 
could be a significant factor in producing acute isch- 
emia. 


Conclusion 


Thrombotic occlusion of coronary arteries fre- 
quently is associated with acute regional transmural 
infarction of the heart. The significance of this asso- 
ciation must depend on the evidence that the throm- 
bus either precedes infarction as a primary lesion or 
follows infarction as a secondary effect. The idea that 
coronary thrombosis is a secondary event following 
infarction is provocative and deserves serious consid- 
eration. Multiple factors and complex relations in- 


volved in thrombus growth and extension of infarcts | 


clearly require further study. Presently, a substantial 
body of knowledge supports the classic concept of the 
primary role of thrombosis in the pathogenesis of in- 
farction. Most evidence continues to affirm the basic 
concept that myocardial infarction can result from 
acute ischemia produced by thrombotic occlusion of a 
coronary artery. 

'This report concerns only a circumscribed aspect 
of ischemic heart disease, that of acute coronary 


thrombosis and its relation to acute myocardial in- 


farction. The contribution of thrombosis to the origin 
and growth of atherosclerotic plaques and to the de- 
velopment of chronic ischemia also must be consid- 
ered in evaluating the need for antithrombotic mea- 
sures. Recent work on the ischemic effects of mi- 
croembolic thrombosis in the myocardial circulation 
is just beginning to receive attention. 

The prevention and treatment of coronary arterial 
thrombosis and the continued study of its pathogene- 
sis should be stressed in the effort to curtail the mor- 
bidity and mortality of ischemic heart disease. 
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Experimental Production of Cardiac Murmurs 


(Thayer and MacCallum, 1907) 


SAUL JARCHO, MD 
New York, New York 


In 1906 Dr. William G. MacCallum had been experi- 
menting with artificial lesions of heart valves in dogs 
because of his interest in pathogenesis and his desire 
to improve the classroom teaching of pathology by 
combining instruction in pathologic physiology with 
the more usual instruction in morbid anatomy. The 
first results of his experimental trials he presented, 
- mainly from the pedagogic viewpoint, in a paper pub- 
. lished in 1906 in the 17th volume of the Johns Hop- 
kins Hospital Bulletin.* This contribution was dis- 
cussed in a recent issue of this Journal.! As MacCal- 
lum himself pointed out, experimental lesions of the 
heart valves had been produced by several previous 
workers, including Cohnheim, Klebs, Rosenbach, 
Stricker, Bettelheim and Kauders.?-? 

In the paper that is now to be discussed MacCal- 
lum was joined by a senior collaborator, Dr. William 
Sydney Thayer, professor of clinical medicine at 
— Johns Hopkins University. From the strongly clinical 
orientation of this report it can be deduced that it 
represents a genuine and not merely a nominal col- 
laboration. 

From the following excerpts it has been necessary 
to omit the photograph of the special narrow-bell 
_ stethoscope that the authors devised for the auscul- 
tation of small structures such as the canine atria. A 
series of kymographic tracings has also been omitted. 
. The text originally appeared in the American Journal 
of the Medical Sciences.? To that journal and to its 
publisher I am indebted for kind permission to use 
the following excerpts. 


Excerpts from Thayer and MacCallum 


In connection with experiments on the production of val- 
vular lesions which have been carried on by one of us* dur- 
ing the past year, we have made a series of observations on 
the cardiac sounds with especial reference to transmission 
of murmurs in the dog's heart. Having studied the charac- 
ter of the heart sounds of the normal dog we have pro- 
duced, as far as possible, the lesions commonly observed in 
man, each in several cases. In other experiments we have 


* MacCallum, Johns Hopkins Hosp Bull, 1906, xvii, 260. 


This work was based on research assisted by Grant HL-10948 from 
the National Institutes of Health, Bethesda, Md. 

Address for reprints: Saul Jarcho, MD, 35 E. 85th St., New York, 
N. Y. 10028. T 
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made a few observations concerning the development of 
functional basic murmurs. In the present communication it 
is our desire to refer to some of the more interesting points 
which have been brought out by that work which we have 
already done. 

Methods: After etherization, the anterior part of the 
chest is removed, artificial respiration established, the peri- 
cardium opened, and the heart thoroughly exposed. 

A special stethoscope ... has been devised, the bell of 
which is of small diameter (1 cm.), so that the sounds heard 
over a small organ may be better localized, and long (6.8 
cm.), so that it may be placed readily upon the rather deep 
lying structures ... 

Aortic and Pulmonic Stenosis: In our first experiment 
we produced aortic and pulmonic stenosis. This is a per- 
fectly simple procedure, carried out by the passage of a 
cord about the vessel just above the valves. This may be 
tightened to produce any degree of stenosis desired. The 
production of a stenosis causes the characteristic thrill and 
rough murmur transmitted upward in the course of the 
current, just as is observed in man. The experiment differs 
in no essential point from that which may be performed 
with a rubber tube attached to a faucet. 

A striking and particularly interesting point is the ease 
with which murmurs may be produced in the pulmonary 
artery. Very slight pressure over the conus arteriosus or 
over the artery results in the development of a systolic 
thrill and murmur immediately beyond the point of pres- 
sure. The ease with which these murmurs are produced by 
pressure suggests immediately that a similar process may 
account for some of the frequent basic pulmonary murmurs 
which are heard in man. If systolic murmurs can be pro- 
duced in man by a degree of pressure over the conus arteri- 
osus as slight, relatively, as that necessary to bring about 
the same phenomenon in the dog, it is but natural to as- 
sume that the resistance offered by the chest wall alone 
may, in many instances, result in systolic murmurs in the 
pulmonary area.* 

Aortic Insufficiency: In eight instances . . . an aortic in- 
sufficiency was produced. In ail cases a loud diastolic mur- 
mur developed at the aortic ring; this murmur sometimes 
replaced the second sound; sometimes the two sounds were 
heard in association. 

Always loudest at the aortie ring, it was transmitted a 
short distance upward along the aorta, but best downward 


* |n the discussion upon this communication, Dr. [Theodore C.] 
Janeway referred to the frequency of pulmonic systolic murmurs 
during forced expiration. May it not 5e that this phenomenon is due 
in part, at least, to the fact that, by the retraction of the lung, that 
which normaily acts as a cushion between conus and chest wall is 
removed? 
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toward the ventricle. Over the ventricle the murmur was al- 
ways much feebler, and in some instances it was inaudible 
at the apex. In some cases it was heard loudest on the ante- 
rior surface of the ventricle at about the middle of the line 
separating the right and left ventricles; in other instances, 
it was more distinct around toward the left, just below the 
pulmonic valves. Sometimes it was feebly audible through 
the right ventricle. The character of the murmur was exact- 
ly the same as that of the souffle of aortic insufficiency in 
the human being. Especially characteristic was the softness 
of the sound over the ventricle. The first sound over the 
left ventricle became dull and humming, just as in aortic 
insufficiency in man. 

In several cases in which, after the production of exten- 
sive lesions, the ventricle became dilated and feeble, the 
murmur diminished greatly in intensity, sometimes disap- 
pearing wholly over the ventricle, although still faintly au- 
dible at the aortic ring. 

In three of these eight cases a soft systolic murmur ap- 
peared also at the aortic valves. Marked pulsation of the 
peripheral vessels occurred just as in man, resulting, in 
some cases, in an exquisite hammer pulse, with a pistol- 
shot tone in the femorals. 

In one case in which we were studying the basic murmurs 
in the heart of an animal which had been bled repeatedly 
and afterward infused with salt solution, there developed 
an exquisite aortic insufficiency with a double (systolic and 
diastolic) murmur at the ring and over the left ventricle 
which was visibly dilated. Later a typical murmur of mitral 
insufficiency, associated with pulsation of the left auricle 
was to be made out. A sharp second sound was also audible 
at the aortic ring. The accompanying tracing ... shows, in 
an interesting way, the difference between the character of 
the femoral pulse curve before and after the development 
of aortic insufficiency. Unfortunately, the cannula in the 
left auricle had become clogged so that the pulsation of the 
blood in this cavity with the onset of mitral insufficiency 
was not recorded. The necropsy, in this case, showed that 
the valves were intact, although subendocardial hemor- 
rhages in both ventricles were probably evidences of the 
distention to which the walls had been subjected by the ar- 
tificial plethora. 

The most interesting points brought out by these cases 
of aortic insufficiency would seem to be the intensity of the 
diastolic murmur at the ring and its feebleness over the 
aorta above and.over the right and left ventricles below, a 
condition in every way analogous to the well-known fact 
that the murmurs of aortic insufficiency are often very dif- 
ficult to hear. Especially interesting was the production of 
a functional aortic insufficiency from dilation, an observa- 
tion supporting entirely the conception of those observers 
who have insisted upon the important part which the mus- 
cle of the left ventricle plays in the closure of the aortic 
ring. 

Mitral Stenosis: In two cases .. . attempts were made to 
produce a mitral stenosis. It is needless to say that it was 
impossible to bring about changes in the valve analogous to 
those in a valvular stenosis in the human being. The near- 
est approach that was made to this was to apply a clamp at 
about the position of the mitral ring. The tightening of 
such a clamp resulted in great distention of the left auricle, 
rise in pulmonic pressure, and an immediate increase in the 
intensity of the second pulmonic sound, with a correspond- 
ing enfeeblement of the second aortic sound. In one case it 
was possible, at a certain point of rather moderate tight- 
ening of the clamp, to detect a slight presystolic murmur, 
heard best midway between the clamp and the apex, 
over the left ventricle. This murmur disappeared with fur- 
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ther tightening or with relaxation of the clamp. In the other d 
case no murmur could be produced. The first sound instead 
of becoming snapping and valvular, as in the characteristic d 
valvular stenosis, became duller and more humming. | 

Mitral Insufficiency: In six cases mitral insufficiency d 
was produced by tearing the valves or chordae tendineae 3 
with the knife-hook described elsewhere,* which was f | 
passed through the auricle or through the carotid ... The - sA 
production of a mitral insufficiency resulted in the devel- 
opment of a blowing, rather soft, systolic murmur heard — 
with moderate intensity over the left ventricle. This mur- 4 
mur replaced the first sound wholly or in part; its general. 13 
character was closely similar to the analogous murmur in p 
man. 

In the dog's heart, however, it is possible to place the 
stethoscope over the left auricle just beyond the valves at _ 
the point at which, theoretically, the murmur should be * 
most intense. This is, indeed, the case, the murmur in most - 
instances being very loud and associated with a thrill of . 3 
great intensity. The murmur was, in some instances, trans- - 
mitted to the pulmonary veins of both sides; in one case it 3 
was audible over the back of the animal. In one case, with — 
distention of the ventricle, a characteristic murmur of mi- E 
tral insufficiency developed as a result of dilatation of the *X 
ring. 

It would greatly simplify the teaching of auscultation of — a5 
the heart if it were possible to make demonstrations such 3 
as the foregoing before the student. For years one of ust has. 
been in the habit of employing a very simple mechanism, 
taught him nearly twenty years ago by a valued teacher!'—a . 
rubber tube attached to a faucet of running water. By pro- © 
ducing any degree of pressure upon the tube at a given 
spot, and by increasing or diminishing the rapidity of the © 
flow of the fluid, many points of importance with regard to  . 
the origin and transmission of cardiac murmurs may be il- - 
lustrated. Indeed, a student who is really familiar with the 
anatomy of the heart and surrounding organs, and with the — 
character and theories with regard to the origin of the heart 
sounds, can, after such a demonstration, work out the diag- 
nosis of the simpler valvular lesions with little assistance. 
The very simplicity of the demonstration sometimes leads. 
the student to doubt its complete applicability to condi- . 
tions existing in the living animal. For years IS have been in - 
the habit of teaching students that the murmur of mitral — 
insufficiency is doubtless loudest at the mitral ring and just | 
beyond this point in the left auricle—that its intensity at 
this point is probably great—that there is probably also a : 
well-marked thrill over the left auricle—that the deep posi- 
tion, however, of the left auricle and the mitral ring render . 
these conditions undemonstrable—that the murmur is au- .. 
dible at the apex alone because this is the only point at- 2m 
which it is possible to approach the left ventricle—that thes m | 
murmur of mitral insufficiency is not, as a rule, very in- — 
tense because, as in the experiment with the rubber tube, - 
the murmur and thrill diminish rapidly as one passes above - 
the point of constriction. But obvious as such an explana- es 
tion may seem, it is often difficult to impress the student. - 
What a luminous demonstration it would be if one could  : 
supplement the experience with running water with experi- a 
mentally produced lesions as above described—if it were — 
possible for the student to put his finger and his stetho-  . 
scope on the left auricle as well as on the apex of the heart. —— 
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There is no reason why such demonstrations could not be 
made to small sections of students. We are daily inculcat- 
ing in our students a wholesome skepticism with regard to 

all things that are insusceptible of proof; and wherever pal- 
pable confirmation of our theoretical explanations of mor- 
bid phenomena can be offered, we should not fail to pro- 
duce it. 

In one case of dilated heart a characteristic murmur of 
mitral insufficiency developed as the result of a dilatation 
of the ring... 

Basic Systolic Murmurs: In four cases ... we have 
studied the effect of changes in the heart’s action on the 
sounds at the arterial orifices. The question here is too 
. complicated to justify elaborate discussion on the basis of 
- our few experiments, but a brief summary of what we have 
_ observed may be of interest. 


A. Aortic Murmurs. 


1. Systolic murmurs at the aortic ring were never 
found in the normal heart. 

2. Variations in arterial pressure produced by nitro- 
glycerin or adrenalin did not result in their appearance. 

3. These murmurs appeared in conditions of rather 
low pressure. 

4. In two instances ... they followed bleeding alone. 
In such cases the administration of adrenalin with a rise 
in pressure caused the disappearance of the murmur. 

5 Systolic aortic murmurs were especially frequent 
after infusion of salt solution following bleeding. 

6. In general, aortic systolic murmurs were especially 
frequent after bleeding followed by infusion, in associa- 
tion with what appeared to be rather abrupt action of the 
ventricle and rather large excursions of the pulse. They 
sometimes followed hemorrhage alone. They never ap- 
peared as the result of modifications in pressure fol- 
lowing the administration of nitroglycerin or adrenalin. 


B. Pulmonic Murmurs. 


1. As has been already noted, pulmonary systolic 
murmurs may be produced with great ease by slight 
pressure on the conus arteriosus or the pulmonary ar- 
tery. 

2. In two instances a pulmonary systolic murmur de- 
veloped after considable hemorrhage. 

3. In one instance with a low general pressure fol- 
lowing nitroglycerin, a pulmonary systolic murmur de- 
veloped. The administration of adrenalin and nitroglyc- 
erin had, however, but little effect in modifying the pres- 
sure in the pulmonary artery. 

4. 'The administration of adrenalin resulted in an in- 
crease in systolic pulmonary murmurs when present, 
during the first strong beats which followed, but during 
the period of very high pressure occurring in the general 
circulation, the pulmonary murmurs as well as murmurs 
at the aortic area, tended to diminish, returning, how- 
ever, again, if present before, with a fall of pressure at a 
period when aortic murmurs still remained absent. 

5. Infusion of salt solution resulted commonly in the 
development of systolic pulmonary murmurs. 

6. In a general way, conditions which resulted in espe- 
cially abrupt action of the right ventricle with a large ex- 
cursion of the pulse wave in the pulmonary artery 
seemed to favor the development of systolic murmurs at 
the pulmonary orifice, especially if there had been a pre- 
ceding hemorrhage followed by infusion of salt solution. 


RAB Dacember 1974 The American Journal of CARDIOLOGY 


Murmurs were produced more readily in the pulmonary 
artery than in the aorta, notwithstanding the very slight 
variations in pressure which occur in the lesser circulation. 
'This was probably due, at least in part, to the fact that with 
a more or less indistensible ring, the pulmonary artery be- 
yond is much less resistant than the aorta, and capable of 
greater dilatation with ventricular contractions of moder- 
ate force, thus produeing, just beyond the pulmonary ring, 
those conditions favorable to the development of fluid 
veins, and consequently a thrill and murmur. 

In general, our observations seem to show that a change 
in the character of the circulating blood, such as that which 
results in the replacing of a considerable quantity of blood 
by salt solution (diminished viscosity?) is extremely favor- 
able to the development of systolic murmurs at the base. 

In conclusion, it may not be amiss to repeat that we have 
been strongly impressed, during these studies, with the 
feeling that where auscultation is taught in small sections, 
several exercises in the study of experimental cardiac mur- 
murs in the dog would do more toward making clear in the 
mind of the student the essential facts, without which ra- 
tional diagnosis of cardiac lesions is impossible, than any 
other method of instruction with which we are familiar. 


Comment on Thayer and MacCallum 


Whereas MacCallum's paper of 1906 was con- 
cerned predominantly with the physiologic conse- 
quences of injury to heart valves as revealed by 
changes in pressure, the paper now under discussion, 
written by the young pathologist in collaboration 
with a senior professor of medicine, is devoted to aus- 
cultatory phenomena produced by the same artificial 
physiologic disturbances. The orientation is clinical; 
the investigators used a stethoscope as well as a ky- 
mograph; that is, they employed the early 19th cen- 
tury method of Laennec and the late 19th century 
methods of Marey and Traube. Much of the auscul- 
tation was performed with the stethoscope placed di- 
rectly on the exposed canine heart. 

When they found that very slight pressure over the 
conus arteriosus or pulmonary artery sufficed for the 
development of a systolic thrill and murmur, the ex- 
perimenters suspected that in some instances an 
analogous murmur might be produced in man by 
simple pressure of the chest wall. 

One of the most striking observations concerned 
the diastolic murmur of aortic insufficiency; it could 
be readily produced and the murmur that arose in 
dogs after laceration of the aortic valve strongly re- 
sembled the murmur of spontaneous aortic insuffi- 
ciency in tonal quality and location. In three of eight 
experimental animals the diastolic murmur was ac- 
companied by a soft systolic murmur. The famous 
water-hammer pulse and pistol-shot sign were also 
reproduced. In one instance the experimenters were 
able to create functional aortic insufficiency by 
bleeding a dog repeatedly and then instilling saline 
solution. It was thought that the aortic ring had been 
dilated by artificial plethora. 

Efforts were made to create mitral stenosis by 
applying a clamp to the region of the mitral ring. 
Great distension of the left auricle resulted, but the 
simulation of murmurs proved unsatisfactory. 
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The production of mitral insufficiency was dis- 
tinctly successful: a soft blowing systolic murmur was 
audible over the left ventricle, replacing the first 
heart sound wholly or partly. In addition, the condi- 
tions of the experiment made it possible to place the 
bell of the stethoscope directly over the left atrium. 
At that point the murmur was loud and was accom- 
panied by a vigorous thrill. 

After describing their success with the murmur of 
mitral insufficiency, Thayer and MacCallum interca- 
late a long paragraph on the desirability of using this 
series of experiments to teach physical diagnosis. 
They believed that demonstrations of that kind 
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would impress the students deeply and would super- 


sede some of the crude makeshift methods previously 
used. 

The experiments described by Thayer and Mac- 
Callum represent the creation of live models of heart 
disease for use in the classroom. The students were 
permitted to palpate and auscultate the experimental 
animals and to watch the abnormal tracings as they 
were inscribed on the kymograph. Subsequently they 


might perform or witness the autopsies. It is difficult © 


to imagine a better kind of instruction in pathologic 
physiology and in the fundamentals of clinical medi- 
cine. 
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A case of left atrial myxoma masquerading as a cardiomyopathy is 
presented; the unsuspected tumor was diagnosed bv stop-action cardi- 
ac ultrasonography and echocardiography. The stop-action technique 
complements standard echocardiography by enhancing the delineation 
of anatomic and spatial orientation. It has previously been applied to 
congenital cardiac lesions and should prove to be a valuable noninva- 
sive technique in the precatheterization evaluation of acquired heart 
disease as well. 


Primary cardiac tumors, especially left atrial myxomas, are uncom- 
mon and difficult to diagnose; they frequently mimic valvular or 
myopathic forms of heart disease and may go undiagnosed for long 
periods.? Echocardiographic techniques have been successful in 
demonstrating these lesions,? and have been advocated for screening 
of all patients with the clinical diagnosis of obstruction of the atrio- 
ventricular valve.* 

Stop-action cardiac ultrasonography is a new technique that utili- 
zes an ultrasonic contact scanner gated to an electrocardiogram to 
produce two-dimensional cardiac images,? as distinct from the one di- 
mensional time-motion recording of standard echocardiography. This 
report illustrates the use of this technique to demonstrate a previous- 
ly unsuspected left atrial myxoma. 


Case Report 


A 63 year old man was first referred in May 1973 for progressive dyspnea 
and orthopnea of 3 years’ duration. He had been hospitalized three times in 
the preceding year because of apparent congestive heart failure, which had 
been alleviated by treatment with digitalis and diuretic agents. One episode 
of near-syncope had oecurred during strenuous exertion. 

Physical examination revealed an obese, dyspneic man with rales at both 
lung bases. The heart was slightly enlarged on palpation, and a loud early di- 
astolic sound was heard. No murmurs were audible. The liver extended one 
fingerbreadth below the right costal margin, and there was no edema. 

An electrocardiogram disclosed normal sinus rhythm with incomplete right 
bundle branch block. Chest X-ray films revealed mild left ventricular en- 
largement and pulmonary congestion. The erythrocyte sedimentation rate 
was 19 mm in 1 hour; results of serum protein electrophoresis and immuno- 
globulin studies were normal. | 

A stop-action cardiac ultrasonogram was performed according to the 
method of King.? The plane of the scanning arm was adjusted to correspond 
to the ventricular long axis, from aortic root to cardiac apex (Fig. 1A). A gat- 
ing circuit triggered by the patient's electrocardiogram was used to activate 
the recording storage oscilloscope for a preselected brief interval during suc- 
cessive cardiac cycles; the period chosen was end-diastole (R wave of the 
QRS complex) and end-systole (T wave). During a period of several minutes 
the direction and position of the scanner were varied along the preselected 
fixed plane to “build” an image on the oscilloscope corresponding to a cardi- 
ac cross section (Fig. 1B). A permanent record was then obtained by a Polar- 
oid? photograph of the oscilloscopic image. Figure 2A shows a cross section 





FIGURE 1. A, diagram of chest roentgenogram, frontal view. The 
dotted line indicates the plane of the scanning arm, corresponding 
to the long axis of the left ventricle. B, diagram of the cross-section- 
.al image produced by ultrasonic scanning in the plane indicated in A. 


AO = aorta; Amy = anterior mitral valve leaflet; LA = left atrium; LV 


= left ventricle; RVO = right ventricular outflow tract. 


obtained during end-systole. A group of echoes is seen in 
the inferior portion of the left atrium, just above the anteri- 
or mitral valve leaflet; the left ventricular cavity is free of 
echoes except for one thin line that probably represents 
chordae tendineae. Figure 2B was obtained at end-diastole; 
the left atrium is now echo-free, and the portion of the left 
ventricular cavity just distal to the anterior mitral leaflet is 
filled by a mass of echoes. 

Standard echocardiography (Fig. 3) revealed a charac- 
teristic group of echoes appearing in the mitral valve orifice 
in early diastole, immediately after the mitral valve leaflets 
opened. These echoes disappeared in systole. Phonocardi- 
ography indicated that the third heart sound occurred si- 
multaneously with the maximal forward motion of the 
tumor into the mitral valve orifice. 

Cardiac catheterization and pulmonary and left ven- 
tricular angiography confirmed the diagnosis of left atrial 
myxoma; the tumor was pedunculated and highly mobile, 
appearing to enter the left ventricle almost completely with 
each diastole and to be flung back entirely into the left 
atrium during systole (Fig. 4). 

Operation was performed by Dr. J. L. Ehrenhaft and as- 


FIGURE 3. Echocardiogram of the 
mitral valve. reveals tumor echoes 
appearing in the mitral valve orifice 
during diastole and disappearing dur- 
ing systole. The phonocardiogram in- 
dicates that a third heart sound oc- 
„curs as the tumor reaches its maxi- - 
mal anterior excursion and abruptly 
stops; a slight additional opening of 
‘the. anterior mitral leaflet occurs si- 
.müultaneously. ALMV = anterior leaf- - 
let of the mitral valve; EKG = electro- - 
cardiogram; IVS = interventricular - 
septum; Phono = phonocardiogram; . 








PLMV = posterior leaflet of the mitral : 
i valve. 








FIGURE 2. Stop-action ultrasonic cross-sections. A, preoperative. 
recording, obtained in end-systole. Echoes from the cardiac tumor 
(T) are seen in the inferior part of the left atrium (LA), just above the ~~ 
anterior mitral valve leaflet (Amv) and chordae tendineae (C). The 
left ventricular (LV) cavity is echo-free. B, cross section obtained 


during end-diastole. The tumor echoes now fill the superior part of - : v 
the left ventricle; the left atrium has become echo-free. C, postoper- ^... 
ative recording. Cross section obtained during end-systole. Thé... 


tumor echoes previously seen in the left atrium have disappeared. — 
D, cross section during end-diastole. The tumor echoes: previously. ui 


seen in the left ventricle have disappeared. Ao = aorta; RVO = right: E - 


ventricular outflow tract. 
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T v oo FIGURE 4. Left ventricular cineangiograms in 
d | s right anterior oblique projection. A, during sys- 
tole. Contrast medium regurgitating into the left 
atrium outlines the tumor (arrows). Compare 
with Figure 2A. B, during diastole. The tumor 
(arrows) has prolapsed through the mitral valve 
and lies almost entirely within the left ventricle. 
Compare with Figure 2B. 
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FIGURE 5. Surgical specimen. The atrial myxo- 
fna was encapsulated, was 3 1/2 inches long, 
_and the stalk was attached to the atrial septum 


:of the fossa ovalis. 





c An 





sociates; a 3 1/2 inch long myxoma (Fig. 5) was removed 
from the left atrium through a right atriotomy and atrial 
septectomy; the residual atrial septal defect was then 
closed with a pericardial patch. The surgical specimen 
weighed 87 g. Postoperatively the patient has done well; an 
episode of atrial flutter responded to direct-current car- 
dioversion. He is currently asymptomatic. 

Follow-up stop-action cardiac ultrasonography was 
performed 1 month after operation; recordings during both 
systole (Fig. 2C) and diastole (Fig. 2D) showed no evidence 
of the previously noted tumor echoes in the left atrial or 
ventricular cavity. À repeat echocardiogram showed normal 
mitral valve motion; a phonocardiogram confirmed that the 
third heart sound was no longer present. 


Discussion 


Stop-action cardiac ultrasonography has been 
shown to be of value in the estimation of left ventric- 
ular volumes, and hence ventricular function; it has 
also been utilized to detect congenital abnormalities, 
such as transposition of the great vessels and ventric- 
ular septal defect,^? and left ventricular wall motion 
abnormalities.? This report shows that the technique 
is also capable of demonstrating intracardiac mass le- 
sions, as predicted by King.^ 

Noninvasive techniques previously used to aid in 
the diagnosis of left atrial myxoma include phonocar- 
diography, apex cardiography and standard echocar- 
diography.!? This new two dimensional stop-action 
technique should be considered complementary to 
the standard time-motion echocardiographic tech- 
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nique; their combined use permits the delineation of 
both anatomic spatial orientation and dynamic mo- 
tion. 

“Tumor plop”: Of note is the relation between 
the tumor motion and the phonocardiographic find- 
ings in Figure 3, which indicate that the third sound 
("tumor plop”) occurs coincident with cessation of 
the forward motion of the tumor into the left ventri- 


cle; a slight additional opening of the anterior mitral - 
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valve leaflet occurs simultaneously. The third sound — 


may be due to abrupt deceleration of the tumor, ten- 


sing of the tumor stalk at the end of the forward ex- 


cursion of the tumor, or the tumor hitting the mitral - 


valve. 11.1? 


Differentiation from cardiomyopathy: The oc- 


casional prolonged course and simulation of cardio- 
myopathy of these tumors, as shown in this case, has 
recently been reemphasized.!? Since both standard 
and stop-action ultrasonic techniques are useful and 
accurate in the delineation of cardiac function, it is 


a ed 


appropriate to verify the diagnosis of cardiomyopa- _ 


thy by ultrasonic cardiac examination whenever pos- 


sible. We anticipate that an occasional atrial myxoma - 


will thus be discovered and a cure of the cardiac con- 
dition thereby rendered possible. 
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Two infants with ventricular septal rhabdomyoma were studied with ul- 
trasound. An abnormal cluster of echoes in the vicinity of the ventricu- 
lar septum corresponded to the angiographic location of the tumor in 
each case. Disappearance of these echoes after successful surgical 
resection lends further support to the conclusion that the abnormal 
cluster of echoes was indeed related to the intracavitary portion of the 
tumor in both cases. 


The value of ultrasound in the diagnosis of atrial myxoma has been 
well documented.'-?^ We are unaware of any previous ultrasonic de- 
scription of ventricular tumors and report here our echocardiographic 
findings in two infants with ventricular septal rhabdomyoma. 


Technique 


Cardiac echograms were recorded on Polaroid? film as well as on a Cam- 
bridge photographic strip chart recorder using a Smith-Kline Ekoline-20 ul- 
trasonoscope with a repetition rate of 1,000 impulses/sec. A transducer with a 
frequency of 5 megahertz and a diameter of 7 mm was utilized. The recording 
technique in infants and children is well established.*-9 


Case Reports 


Case 1: A 2 month old infant was referred for cardiac evaluation because of 
a heart murmur detected during a routine physical examination. A grade 3/6 
midsystolic ejection murmur was audible along the left sternal border. An 
electrocardiogram was normal. A chest roentgenogram revealed moderate 
cardiac enlargement, normal pulmonary vascularity and a left aortic arch. 

Cardiac catheterization revealed no intracardiac shunt. There was a gra- 
dient of 30 mm Hg across the right ventricular outflow tract, cardiac index 
was 4.7 liters/min per m?. Right and left ventricular 35 mm biplane cinean- 
giograms disclosed a large filling defect in the left ventricle (Fig. 1). There 
were two additional filling defects of much smaller size in the right ventricle. 

An echocardiogram (Fig. 2, left) revealed an abnormal cluster of echoes in 
the region of the ventricular septum. These echoes were consistent and could 
be recorded with the near gain setting at zero. They obliterated the normally 
clear area between the anterior mitral leaflet and the ventricular septum, and 
the ventricular septum could not be delineated as a distinct structure. These 
echoes could no longer be recorded when the transducer was rotated superi- 
orly and medially to record the aortic root. Echoes from the aortic root and 
the left atrium were normal. 

Under cardiopulmonary bypass, a freely mobile pedunculated tumor (3 
by 2 by 1.5 cm) was excised from its attachment to the high ventricular sep- 
tum through an apical left ventriculotomy. This septal tumor also projected 
into the right ventricular outflow tract. The intracavitary portion was ex- 
cised, leaving the ventricular septum intact. The right ventricular extension 
of the tumor was much smaller. Histopathologically the tumor was interpret- 
ed as rhabdomyoma.  . 

The postoperative echocardiogram (Fig. 2, right) demonstrated the ab- 
sence of the previously described cluster of echoes. A clear space was present 
between the mitral valve and ventricular septum. The septal echo, although 
now distinct, remained abnormal, probably because of the residual tumor 
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FIGURE 1. Case 1. Left ventricular angiograms in left 
lateral (right) and left anterior oblique (left) projec- 
tions reveal a large filling defect in the left ventricular 
cavity. The catheter was passed by way of the fora- 
men ovale into the left atrium and ventricle. 


FIGURE 2. Case 1. A, preopera- 
tive echocardiogram reveals a 
cluster of echoes in the region of 
the. ventricular septum. The mo- 
tion- of the mitral valve seems nor- 
mal. The abnormal cluster of 
echoes moves posteriorly during 
systole. The ventricular septum 
cànnot be recognized as a sepa- 
rate structure. B, postoperative 
‘echocardiogram reveals a clear 
‘space between the ventricular 
septum and mitral valve. The sep- 
tal echo remains abnormal but is 
distinctly recognizable. AW = an- 
terior heart wall; LAW - left atrial 
wal; MV = anterior mitral valve 
AJeaflet; VS = ventricular septum. 


"within the ventricular septum. The postoperative course 
was uneventful. 


-Case 2: A 5 week old infant was found to have a heart 
murmur during an examination for “not eating well," and 
was referred to us for cardiac evaluation. Physical examina- 
tion revealed a grade 3/6 midsystolic ejection murmur 
along the left sternal border. The murmur radiated strong- 
ly to the left base. The electrocardiogram revealed incom- 
plete right bundle branch block with right ventricular hy- 
pertrophy. A chest roentgenogram disclosed mild cardiac 
enlargement, normal pulmonary vascularity and a left aor- 
tic arch. 

Cardiac catheterization at age 4 months revealed no in- 
tracardiac shunt. There was a gradient of 35 mm Hg across 
the right ventricular outflow tract; cardiac index was 3.7 li- 
ters/min per m2. Biplane 35 mm cineangiograms disclosed 
a large filling defect in the right ventricle (Fig. 3). No filling 
defect was seen in the right atrium or the left ventricle. 
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Right ventriculotomy, performed under cardiopulmo- 
nary bypass, revealed a large tumor (1.8 by 1.2 em) origi- 
nating from the high interventricular septum and project- 
ing into the right ventricular cavity up to the tricuspid 
valve. The intracavitary portion of the tumor was excised 
completely; the septal attachment was resécted in small 
pieces. Histologically the tumor was interpreted as rhab-. 
domyoma. 1 

The postoperative echocardiogram (Fig. 4, right) re- 
vealed complete absence of the previously described echoes. 
from the right ventricle; the ventricular septum could be 
recognized as a distinct structure. The postoperative course. 
was uneventful. 


. Discussion 


Rhabdomyoma is the commonest cardiac tumor 
infants. The clinical diagnosis is rarely made, anc 
only a few cases of surgical resection are reporte 
This tumor usually arises from the ventricular e| 
tum, and. its intracavitary. extension. may. re 
outflow obstruction. | 
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FIGURE 3. Case 2. Right ventricu- — 
lar angiograms in frontal (lest) and 
left latera! (right) projections re- o 
veal a large filing defect in the- 
cavity of the right ventricle. This- 
mass seems to project anteriorly 
and results in infundibular steno- 
SiS. 
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ular cavity anterior to the anterior mitral leaflet. Re- 
section of the intracavitary portion of the tumor re- 
sulted in disappearance of the abnormal echoes re- 
-corded from within the left ventricle. The tumor also 
projected, but to a lesser degree, into the right ven- 
tricular outflow tract. Postoperatively, the ventricu- 
lar septal echoes looked thick, and this appearance 


FIGURE 4. Case 2. A, preopera- 
tive echocardiogram reveals a 
consistent dense layer of echoes 
inside the right ventricular cavity: 
The ventricular septum can be 
recognized. B, postoperative 
echocardiogram demonstrates 
that the right ventricular cavity is 
now free of echoes. AW = anteri- . 
or heart wall; LS = left side of- 


ventricular wall; RS = right side of. 
ventricular septum. 


was probably related to the residual tumor mass in | 
the septum. In Case 2, the tumor projected exclusive- 
ly into the right ventricular cavity and was responsi- 
ble for the abnormal echoes recorded from within the 
right ventricle. After surgical resection of the tumor 
from the right ventricular cavity the abnormal clus- 
ter of echoes could not be recorded. 
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The echocardiograms of three patients with vegetative aortic valve en- 
docarditis revealed characteristic shaggy or fuzzy echoes from the re- 
gion of the aortic valve. At surgery or at necropsy vegetations were 
found that explained the distinct abnormal echoes recorded. Such 
echoes recorded from the region of the aortic valve in patients with ev- 
idence of acute aortic insufficiency should suggest endocarditis with 
vegetations. Differentiation of these echoes from echoes produced by 
normal phenomena, other disease states or artifacts is discussed. 


Acute aortic insufficiency may result from several pathologic pro- 
cesses, such as bacterial endocarditis, dissecting aneurysm and trau- 
matic rupture of the aortic valve. To institute proper therapy, it is 
necessary to identify correctly the infected aortic valve. The clinical 
findings frequently are not sufficiently characteristic for a definite 
determination of aortic valve infection and, at times, an etiologic di- 
agnosis is extremely difficult. Therefore, any simple procedure that 
would aid in diagnosis in such patients is welcomed. 

We have recently studied by echocardiography three patients with 
vegetative bacterial endocarditis of the aortic valve. Our findings ob- 
tained with this safe technique support the suggestion of others! that, 
in some patients, a definite diagnosis of vegetative aortic valve endo- 
carditis can be made echocardiographically. 


Echocardiographic Technique 


All patients were examined in a semirecumbent position because of 
marked orthopnea. The echocardiograms were obtained with a Smith-Kline 
ultrasonoscope (Ekoline 20A) equipped with a 2.25 megahertz transducer, 1.6 
cm in diameter, with a repetition rate of 1,000 impulses/sec. A permanent 
record was made using a Honeywell Visicorder. 

Echoes from the aortic root were recorded by placing the transducer in the 
third or fourth left intercostal space at the left sternal border and aiming the 
ultrasonic beam cranially and medially. This orientation of the transducer 
directs the ultrasonic beam from anterior to posterior through the chest wall, 
right ventricle, aortic root and left atrium. Echoes from the aortic valve cusps 
were obtained by carefully making slight adjustments in direction of the ul- 
trasonic beam as well as fine adjustments in the gain and damping controls. 
A complete echocardiographic examination was performed by standard tech- 
niques.” 


Case Reports 


Case 1: A 43 year old man was admitted to the hospital on December 14, 
1972 with severe congestive heart failure. Upon a previous admission in 1960 
for hemopericardium secondary to blunt chest trauma, no cardiac murmurs 
were recorded. During November 1972, he noted the insidious onset of chills, 
fever, malaise and dyspnea. He was treated for congestive heart failure and 
given antibiotic agents by his local physician. Despite treatment, his symp- 
toms of congestive heart failure worsened. There was no past history of rheu- 
matic fever. 

Physical examination on admission revealed a robust man in respiratory 
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FIGURE | 1. Case 1. Echocardiograms. A, fuzzy or shaggy echoes (arrows) were recorded from the aortic valve due to vegetations of the valve 
cusps. B, with the transducer moved slightly inferomedially, "clean" echoes were recorded from portions of the valve unaffected by vegeta- 


tions; that is, these echoes did not display the fuzzy or shaggy configuration of the echoes in A. Ant. = 


$ Jeft atrium; Post. = posterior; RV = right ventricle. 


divishss, with blood pressure of 170/70-0 mm Hg and pulse 
rate of 100/min. The neck veins were distended and carotid 
pulses were bounding and had a collapsing quality. The 
heart was enlarged, and both left and right ventricular im- 
pulses were present. The first heart sound was inaudible 
and the second heart sound was loud in the pulmonary 
area. À high-pitched, blowing diastolic murmur was pres- 
ent at the left sternal border and at the cardiac apex. A 
soft, high-pitched pansystolic apical murmur and a pro- 
todiastolic gallop rhythm were present. Crepitant rales 
were heard at the lung bases bilaterally. 
"Teleoroentgenograms of the chest revealed generalized 
cardiomegaly and pulmonary edema. The electrocardio- 


























anterior; EKG = electrocardiogram; LA 


gram disclosed left ventricular hypertrophy and abnormal 
S-T segments and T waves. 

An echocardiogram of the aortic cusps recorded on De- 
cember 16, 1972 (Fig. 1) disclosed that the cusps opened in 
a typical “box-like” fashion during ventricular systole. In — 
the middle of this box-like configuration a third linear echo 
was recorded (Fig. 1A). The echoes recorded from the aor- 
tič valve cusps were “shaggy” or "fuzzy" in appearance 
during ventricular systole (Fig. 1A); this appearance was 
less noticeable during diastole. By slightly altering the di- 
rection of the ultrasonic beam, it was possible to record 
echoes from portions of the aortic valve cusps that did not 
have a shaggy or fuzzy appearance even during systole (Fig. 
1B). The remainder of the echocardiographic examination 
revealed a right ventricular dimension of 2.2 cm and a very 
active interventricular septum. The diastolic dimension of 
the left ventricle was 7.5 em, and the systolic dimension 5.5 
cm. The anterior leaflet o? the mitral valve exhibited dia- 
stalie fluttering characteristic of that produced by a i 
regurgitation of blood. i 

Five days after admission, results of blood cülture were 
positive for a hemolytic streptococcus, and antibiotic thera- - 
py was instituted. Because of increasing heart failure, it 
was decided to replace the aortic valve with a prosthesis. — 

At operation, lesions typical of vegetative bacterial en- 
doearditis were present on all aortic valve cusps. The right — 
coronary cusp was almost entirely destroyed; partial de- 
struction of the left coronary cusp had also occurred. The 
patient died during operation; necropsy was not performed. | 

Histopathologic examination of a section of the aortic — 
valve obtained at operation revealed focal areas of orga- 
nizing acute bacterial endocarditis with vegetation forma- . 


tion and vascularization. Special strains for BIICHOUTBE S x 
nisms revealed nümerous grams positive cocci. < 












FIGURE 3. Case 2. Aortic valve showing large vegeta- 
tion (arrow) on left coronary cusp, a small vegetation 
on the noncoronary cusp and an everted right coro- 
-nary Cusp with no vegetation. 


On admission, physical examination revealed an acutely 
ill patient in obvious respiratory distress. The blood pres- 
sure was 150/60 mm Hg, pulse rate 120/min and tempera- 
ture 99? F orally. A protodiastolic gallop rhythm was pres- 
ent. A grade 3/6 holosystolic ejection murmur was heard at 
the left sternal border and aortic valve area, and a soft 
early diastolic blowing murmur was heard at the left ster- 
nal border and cardiac apex. A soft pansystolic murmur 
was heard at the apex. 

Teleoroentgenogram of the chest revealed cardiomegaly 
and pulmonary edema. The electrocardiogram revealed ab- 
normal S- T segments and T waves. 

An echocardiographic examination was performed on 
March 21, 1973. Only echoes recorded from the left coro- 
nary cusp of the aortic valve were seen during systole (Fig. 
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2). In diastole, a double line of echoes, about 2 mm apart, ; 
were recorded from within the aorta. Echoes from the left 
coronary cusp were fuzzy and shaggy, particularly when the - 
cusp was in its anteriormost position. Similar fuzzy echoes - 
surrounded the parallel double lines of diastolic echoes . 
that followed the motion of the aortic wall. The remainder. 
of the echocardiographic examination revealed a right ven- 
tricular dimension of 3.0 cm. The interventricular septum. 
exhibited very active motion. The anterior leaflet of the 
mitral valve manifested diastolic fluttering as produced by: 
aortic regurgitation, and there was evidence of premature - 
closure of the mitral valve leaflets; that is, the C point oc- E 
curred before the QRS complex.” The left ventricular cavi-. 
ty was large (diastolic dimension 5.9 em, and systolic di. 
mension 5.0 cm). | 








Resale of all blood 

the patient were negat 
tibiotic agents for probable bacterial endocarditis and also 
received treatment for. congestive heart failure. A 90 per- 
cent right. spontaneous. pneumothorax developed and he 
died 4 days after admission. |. 
SA necropsy, typical vegetations of aortic valve endocar- 
ditis were found. The right coronary cusp had several per- 
ations and. was everted, but had no visible vegetations. 
left coronary cusp was the site of large vegetations 
8). Vegetations were also present on the noncoronary 
cusp. All chambers of the heart were dilated, and the lungs 
sh wed changes of severe pulmonary edema. 
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> ie had fe ke. "hills d a fue petite ' e af a 
mucoid sputum. Soon: thereafter, severe dyspnea’ and or- 
thopnea developed and she noted progressive swelling of 
the hands and feet. There was no past history of heart mur- 

murs or rheumatic fever. 

Physical examination on ET aad an agitated | 
woman in acute respiratory distress, with a blood pressure 
of 130/70 mm Hg, pulse rate of 120/min and temperature of © 
99? F orally. The arterial pulses were bounding and. had à 
collapsing quality during diastole. The cardiac apex was 
displaced to the left, and a loud, high-pitched blowing dia- 
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FIGURE 5. Normal aortic valve echogram of a. 
patient with alcoholic cardiomyopathy and no 
history of aortic valve disease or clinical evi- 
dence of bacterial endocarditis. Abbreviations 
as in Figura 1. 








FIGURE 6. Echocardiograms of four patients without bac- - 
terial endocarditis, displaying aortic valve echoes that 

somewhat resemble the shaggy echoes. recorded from 
the aortic valves of patients with: bacterial endocarditis: A, 
ER echoes, Tt pnm Boy the nofeeoronary 
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ECHOCAHDIOGHAM IN VEGETATIVE AORTIC BACTERIAL ENDOCARDITIS—MARTINEZ ET AL. 


stolic murmur was heard at the left sternal border and car- 
diac apex. A loud apical pansystolic murmur and protodi- 
astolic gallop rhythm were noted. 

Teleoroentgenograms of the chest disclosed cardiomega- 
ly and pulmonary edema. An electrocardiogram revealed 
sinus tachycardia, slightly prolonged P-R interval and S-T 
segment and T wave abnormalities. 

An echocardiographic examination was performed on 
the day of admission. Echograms from the aortic root (Fig. 
4) disclosed echoes from the left coronarv cusp recorded 
during systole; echoes from the noncoronary cusp were 
barely visible. Shaggy echoes, 4 to 5 mm in thickness, were 
recorded just anterior to the posterior wall of the aorta dur- 
ing systole (Fig. 4B). Echoes from the aortic valve cusp 
were present during both diastole and systole (Fig. 4A). 
The fuzzy and shaggy appearance of these echoes suggested 
the presence of vegetations on the aortic valve. The re- 
mainder of the echocardiographic examination revealed a 
right ventricular dimension of 3.0 cm. The anterior leaflet 
of the mitral valve manifested diastolic fluttering produced 
by aortic regurgitation of blood. Premature closure of the 
mitral valve leaflets was noted. The left ventricular cavity 
had a diastolic dimension of 5.9 cm and a systolic dimen- 
sion of 3.5 cm. 

Despite treatment for bacterial endocarditis and conges- 
tive heart failure, the patient continued to have pulmonary 
edema and fever. Finally, renal failure and generalized in- 
travascular coagulation developed, and she died 1 week 
after admission. Results of blood culture were positive for 
bacteria of the neisseria species. 

At necropsy, the right coronary cusp of the aortic valve 
was found to be destroyed. 'The noncoronary cusp was al- 
most entirely replaced by a large vegetation, and vegeta- 
tions were also found on the left coronary cusp. There was 
thrombosis of the right atrial appendage, and a pulmonary 
embolus was present in the artery to the lower lobe of the 
right lung. 

Discussion 


Ultrasonic echoes from the aortic valve leaflets 
were first recorded by Edler et al.* Although these 
echoes are often difficult to obtain, we have found 
that the technique described by Gramiak and Shah,5 
when carefully employed, usually results in satisfac- 
tory recordings. 

An echocardiogram of normal aortic cusps is shown 
in Figure 5 for comparison with those in our three 
cases. Echoes from the two cusps are seen as parallel 
ines in diastole that move apart during systole to 
form a box-like configuration. Feigenbaum? has indi- 
cated that the anterior echoes are from the left coro- 
nary cusp and the posterior echoes from the noncoro- 
nary cusp. However, Gramiak and Shah? stated that 
the anterior echoes originate from the right coronary 
susp. The former view is supported by our Case 2, in 


which a distinct anterior echo suggesting a large veg- 
etation was recorded and necropsy revealed a large 
vegetation on the left coronary cusp, whereas the 


right coronary cusp was almost absent and everted | 


and without vegetations (Fig. 3). 

The fuzzy or shaggy echoes recorded from the aor- 
tic valve cusps of the patients in this study probably 
reflect vegetations. In each patient, vegetations were 


found at necropsy or at operation that corresponded . 


to those detected echocardiographically. These find- 


ings are similar to those of Dillon et al.,! who record- 
ed shaggy echoes from the aortic valve in five pa- - 


tients with vegetative bacterial endocarditis. 
Differential diagnosis: Shaggy or fuzzy echoes re- 

sulting from vegetations must be differentiated from 

normal phenomena, echoes due to other disease 


states and artifacts. Echoes recorded from normal . 


aortic valve cusps usually appear as “clean” lines 
(Fig. 5). Systolic fluttering, consisting of regular os- 
cillations of the echographic tracing from the valve 
cusps, may be recorded from normal subjects (Fig. 6, 
A and B). Echograms of the aortic valve of patients 
with obstructive cardiomyopathy? may reveal closing 


and reopening of the cusps during systole. In aortic. 


stenosis multiple linear echoes with little movement 
may be recorded, indicating a thickened valve? (Fig. 
6C). When the aortic valve becomes heavily calcified, 


echoes from the aortic valve cusps are extremely dif- | 


ficult to obtain (Fig. 6D). 

In none of the entities just mentioned have aortic 
valve echoes been recorded that exactly resemble 
those recorded from patients with aortic valve endo- 
carditis with vegetations. It is likely that the fuzzy 
and shaggy appearance of echoes recorded from vege- 
tations are due to the physical state and inhomogene- 
ity of the vegetations themselves, as well as motion of 
the cusps. However, many more aortic valve echo- 


grams must be examined before the specificity of. 


these shaggy echoes for bacterial endocarditis can be 
known. 

Thus, in patients with aortic insufficiency who are 
suspected of having bacterial endocarditis, the echo- 
cardiograph may be helpful in establishing the diag- 
nosis of vegetative bacterial endocarditis. Certainly 
tracings indicating a freely movable valve with fuzzy 
or shaggy echoes should arouse suspicion of bacterial 
endocarditis. A very active, minimally dilated ventri- 
cle would suggest that aortic insufficiency was of re- 
cent onset. This finding would also increase the like- 
lihood of the existence of vegetative bacterial endo- 
carditis. 
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A 15 year old Indian boy was discovered to have a very loud continu- 
ous murmur over the right supraclavicular region. Cardiac catheteriza- 
tion findings demonstrated an atrial septal defect and a left tc right 
shunt at the level of the right innominate vein. At thoracotomy, total 
anomalous pulmonary venous drainage was found. The dilated vertical 
vein arising from the common pulmonary vein was narrowed to about 
1.2 cm in diameter at its site of entry into the right innominate vein, 
causing blood to flow into the latter vessel in a jet-like fashion, thus 
producing the loud continuous murmur. 


Soft continuous murmurs of the venous hum type have been well doc- 
umented in total anomalous pulmonary venous drainage of the su- 
pradiaphragmatic variety.-? Loud continuous murmurs simulating 
patent ductus arteriosus have also been reported in this condition but 
are much less common.^^? In this paper we describe a patient who 
presented with a marked pulsation in the right supraclavicular region 
associated with a svstolic and diastolic thrill and a loud continuous 
murmur. This patient was initially thought to have an arteriovenous 
fistula, but examination at subsequent thoracotomy revealed that the 
murmur was due to total anomalous pulmonary venous drainage with 
the common pulmonary venous trunk draining into the right innomi- 
nate vein. We believe that this mode of presentation of total anoma- 
lous pulmonary venous drainage has not been previously described. 


Case Report 


A 15 year old Indian boy was referred to the General Hospital, Singapore, 
in 1971 after a continuous murmur in the right supraclavicular region had 
been discovered during a routine physical examination. He had no apparent 
symptoms; his five siblings and both parents were alive and well. 

Clinical examination revealed minimal cyanosis of the fingers and toes. 
Pulsation was prominent in the right supraclavicular region, and a distinct 
systolic and diastelic thrill was associated with a loud continuous grade 5/6 
murmur heard over this area (Fig. 1). Examination of the precordium re- 
vealed normal findings except for wide splitting of the second sound in the 
pulmonary area. Blood pressure was 110/80 mm Hg. 

Chest roentgenograms revealed moderate pulmonary plethora and a wid- 
ened superior vena cava (Fig. 2). The electrocardiogram disclosed sinus 
rhythm, marked right ventricular hypertrophy and a frontal plane axis of 
about 4-130? (Fig. 3). Because of the marked pulsation and the loud continu- 
ous murmur, an arteriovenous fistula was diagnosed. 

Cardiac catheterization was performed on November 24, 1972 ('Tables I 
and II). The catheter repeatedly crossed an atrial septal defect and was easily 
manipulated into the left atrium and left ventricle. From the catheterization 
findings, it was thought that the patient had moderate pulmonary arterial 
hypertension, a definite left to right shunt at the level of the right innomi- 
nate vein and an atrial septal defect. Two attempts at left ventriculography 
failed to demonstrate any communication between the aorta or its major 
branches and the widened superior vena cava (Fig. 4). A right ventriculogram 
was obtained, but was of inadequate diagnostic quality. 
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FIGURE 2. Chest roentgenograms. 
A, posteroanterior view showing 
moderate pulmonary plethora and a 
widened superior vena cava (arrow). 
B, lateral view, showing widened su- 
perior vena cave (arrow). 


At operation on December 6, 1972, the findings were as 
shown in Figure 5. The right innominate vein and superior 
vena cava were grossly dilated, measurinz approximately 4 
cm in diameter. À prominent continuous thrill felt over the 
right innominate vein extended into the right subclavian 
vein laterally. The source of the thrill was traced to the ver- 
tical vein, which joined the right innominate vein from the 
lef just. before the confluence of the right and left innomi- 
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FIGURE 4. Left ventriculogram showing no communication between ` 
the aorta or its major branches and the widened superior vene cava. 


* 
kn 


Venwsaemniben mh 
: ice Wo por ae n E 
i quss aum um mmm x “nannan a 


E AA. bae lr m aan cae m cr mm 


: 
5, 
# 
t 
# 


TOTAL ANOMALOUS PULMONARY VENOUS DRAINAGE—CHIA ET AL. 


was doubly ligated with 20 gauge linen thread at its point 
of entry into the right innominate vein. 

. The patient had an uneventful postoperative recovery. 
Immediately after operation, the thrill and murmur disap- 
peared. Five months later, chest roentgenograms revealed 
that the previously widened superior vena cava and pletho- 
ric lung fields were within normal limits. 


Discussion 


The occurrence of soft continuous murmurs of the 
venous hum variety in total anomalous pulmonary 
venous drainage is well recognized, and loud continu- 
ous murmurs are also occasionally heard over the sec- 
ond left intercostal space.*? In the two cases reported 
by Venables et al.,4 autopsy and operative findings 
revealed that the loud continuous murmur was due to 
constrictions in the ascending vertical vein, which 
drained into the left innominate vein. In a clinical 
and anatomic study of 75 children with total anoma- 
lous pulmonary venous drainage, Bonham-Carter et 
al.? found two patients presenting with similar mur- 
murs, and both had significant obstruction to the 
common pulmonary venous trunk. In 1958, McKus- 
ick® described a patient who had a duct-like murmur 
to the right of the upper sternum. 'This patient had 
no evidence of stenosis, and the murmur was ascribed 
to undue turbulence in the greatly dilated superior 
vena cava. 

In total anomalous pulmonary venous drainage of 
the supradiaphragmatic type, the common pulmo- 
nary venous trunk drains more frequently by way of a 
vertical vein into the left than into the right innomi- 


nate vein.?" We believe that this is the first reported 
case of this anomaly in which drainage of the com- 
mon pulmonary venous trunk into the right innomi- 
nate vein produced prominent pulsation associated 
with a systolic and diastolic thrill and a loud continu- 
ous murmur. The dilated vertical vein was narrowed 
to about 1.2 cm in diameter at its point of entry into 
the right innominate vein, thus causing a high level of 
pressure in the vertical vein. The continuous thrill 
and murmur were due to the entry of blood into the 
right innominate vein under pressure, causing a jet- 
like effect, similar to that seen in patients with pat- 
ent ductus arteriosus. Many features, such as the 
minimal cyanosis, the cardiac catheterization find- 
ings of an atrial septal defect and similar levels of 
oxygen saturation in the right atrium, right ventricle, 
pulmonary artery, left atrium and left ventricle, 
pointed to the diagnosis of total anomalous pulmo- 
nary venous drainage. The significance of these find- 
ings was not recognized preoperatively. 

This case illustrates that in a suspected case of ar- 
teriovenous fistula in the right upper mediastinum, 
the possibility of total anomalous pulmonary venous 
drainage should be kept in mind. With adequate 
catheterization and angiographic studies, a correct 
diagnosis can be made preoperatively. 
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The occurrence of a double aortic arch system with intracardiac de- 
fects is unusual. Clinical recognition may be difficult in the absence of 
upper airway obstruction. This report describes the diagnosis and sur- 
gical management of an infant with interruption of the ventral left arch 
and hypoplasia of the dorsal right arch who presented with evidence of 
pulmonary and systemic venous congestion caused by obstruction to 
left ventricular outflow and a large left to right ventricular shunt. 


To date, clinical reviews of double aortic arch abnormalities have em- 
phasized the problem of airway obstruction secondary to a vascular 
ring!; isolated reports of this malformation with tetralogy of Fallot,’ 
transposition of the great arteries, ventricular septal defect with pul- 
monary stenosis‘ and atrial septal defect? have also appeared. This 
report describes the clinical presentation, angiographic evaluation 
and surgical management in a case of an infant with a double aortic 
arch and an associated ventricular septal defect in which both com- 
ponents of the arch caused obstruction to left ventricular outflow. 


Case Report 


The patient, the 3.3 kg product of an uncomplicated pregnancy and deliv- 
ery, presented at age 10 weeks with overt signs of congestive heart failure. 

Examination on admission revealed a pulse rate of 160/min, respiratory 
rate of 100/min, systolic blood pressure of 138 in the right arm and 110 mm 
Hg in the left arm and right leg. The weight was 5.4 kg. The right brachial 
pulse was prominent, but the left brachial and femora! pulses were barely 
palpable. Pertinent cardiopulmonary findings were a right ventricular im- 
pulse, an accentuated pulmonary closure sound and a grade 2/6 systolic ejec- 
tion murmur along the left sternal border that was heard well posteriorly. 
The liver was enlarged 4 cm below the right costal margin. An electrocardio- 
gram revealed right axis deviation and combined ventricular hypertrophy. 
Plain chest X-ray film demonstrated cardiomegaly and increased pulmonary 
blood flow with an element of pulmonary venous congestion. The clinical im- 
pression was coarctation of the aorta with a left to right shunt. 

Cardiac catheterization was carried out (Table I) after attempts to control 
the congestive heart failure with digoxin and furosemide proved unsatisfacto- 
ry. This procedure revealed a large ventricular communication and apparent 
juxtaductal coarctation with a long segment of obstruction. Despite further 
intensive medical management, there was no improvement and surgery was 
performed. Through a left thoracotomy, the descending aorta and the carotid 
artery were identified, but no continuity was noted between these structures 
(Fig. 1). Filling of the descending aorta was demonstrated through a retro- 
esophageal vessel. Occlusion of this retroesophageal vessel caused an increase 
in right brachial arterial pressure and a decrease in femoral arterial pressure. 
It was elected to contro! the large ventricular shunt by pulmonary arterial 
banding. A nonpatent ductus arteriosus that inserted proximal to the retro- 
esophageal vessel was ligated and divided. 

'The patient tolerated the procedure well and the postoperative course was 
uneventful. After the operation, physical examination revealed a pulse rate of 
100/min, respiratory rate of 50/min, systolic blood pressure of 164 in the right 
arm and 100 mm Hg in the left arm and legs. There was a right ventricular 





FIGURE 1. Intraoperative photograph demonstrating the retro- 
. esophageal hypoplastic right aortic arch (RAA) in continuity with the 

descending aorta (DAo). Note the ductus arteriosus (DA) and an ab- 
errant left subclavian artery (LSA). 


impulse and a grade 4/6 systolic ejection murmur along the 
left sternal border. The liver was palpable 2 cm below the 
right costal margin. 

Roentgenograms taken after a barium swallow revealed 
localized posterior and bilateral compression of the esopha- 
gus (Fig. 2). Repeat cardiac catheterization was undertaken 
to define the abnormality of the aortic arch (Table I). A left 
ventricular biplane angiogram disclosed a double aortic 
arch with type B interruption of the left ventral aorta and 
hypoplasia of the entire right dorsal aorta (Fig. 3). The pos- 
terior segment, which represented the only path of blood 
flow to the lower body, was the site of aortic obstruction. 
The patient has been discharged on maintenance doses of 
"digoxin and continues to do well. 
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TABLE 1 
Cardiac Catheterization Data. 
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a = a wave; IVC = inferior vena cava; LA = left atrium; m = = 
mean; MPA = main pulmonary artery; RA = right atrium; RV 
= right ventricle; Sat. = saturation; SVC = superior vena cava; 
v = v Wave. a 


Discussion 
The prenatal development of the aortic arch sys- 


tem has been well described by Congden? and Barry.® 
Coincident with the caudal migration of the heart, 
ventricular output preferentially flows through the 
left fourth arch and left ductus. Involution of the dis- 
tal right fourth arch and cephalad. migration of the 
seventh dorsal intersegmental artery is nearly cor 

plete in the embryo with a crown-rump length of 15 
mm. In our patient the left subclavian artery failed to . 
ascend to join the distal left fourth arch, and this in- 
terruption of the left arch system may have account- 
ed for the persistence of the already regressing right- 








































Y nga aorta. DAT | ductus arteriosus; IA = innominate artery; LA = 


"est i in i utero, since the. hypoplastic right aortic arch 
and the ductus arteriosus would have adequately 
upplied the descending aorta (Fig. 4A). However, 
shen. postnatal constriction of the ductus arteriosus 
liminated the major source of blood flow to the 
^ lower body, perfusion was dependent on the hypo- 
" plastic posterior segment (Fig. 4B). The obstruction 
to left ventricular outflow concomitant with the post- 
.natal decrease in pulmonary vascular resistance and 
increased left to right ventricular shunting, resulted 
_in signs of severe congestive heart failure. 
- The suspicion of a double aortic arch system usu- 
"ally depends on the existence of symptoms of trache- 
al or esophageal compression, and confirmation is de- 
: pendent upon X-ray examination after barium swal- 
espite he potential vascular ring in this infant, 
t nd dysphagia were not in evidence. The clin- 
c findings er dominated by the presence of pul- 
px V mic venous SURESeMOU caused by 
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: Boda by. way y of the hypoplastic right aortic arch and a patent ductus arteriosus. The innominate tery (IA) and left carotid artery: 
normally. B, after spontaneous closure of the ductus arteriosus, the righ’ aortic arch becomes the only source of blood Spp to. the de- 
left pulmonary artery. Other abbreviations as in Figure 3. TEE 


D: Double aortic arch. Report of two 
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Arteriosus 


Hypoplastic 
Right Arch 


FIGURE 3 (left). ‘Anteroposterior projection of the left ventricular (LV) biplane angiogram demonstrating opacification of the ascending aorta 
(^ Ys endt capac arch up to the origin of the left carotid artery (LCA). The descending aorta (DA9) fills by way of the ii righi aortic = 





obstruction to left ventricular outflow and a signifi- 
cant intracardiac shunt. 
Initial surgical therapy was designed to reduce the 
pulmonary blood flow at the risk of pressure loading: 
of both ventricles. A staged repair of the defects with 
initial reconstruction of the aorta with a tubular graft. - 
and subsequent intracardiac repair and pulmonary | 
arterial banding is planned. Merin et al.* recently de- 
scribed a similar approach in a 19 year old patient 
with this type of aortic arch anomaly associated with 
a ventricular septal defect and reduced pulmonary 
blood flow caused by pulmonary stenosis. 


Conclusions 

Double aortic arch with type B interruption of the 
left ventral aorta and hypoplasia of the right dorsal 
segment has not previously been reported in associa- 
tion with a ventricular septal defect. The hemody- l 
namic derangements are identical to those in juxta- 
ductal coarctation with a ventricular septal defect. : 
Preoperative diagnosis may be facilitated by the rec- 
ognition of bilateral compression of the barium- filled. 
esophagus if both components of the. vascular. ring. 
are of sufficient magnitude. Cardiac catheterization , 
and contrast studies are required to: delineate the le-. 
sion and associated malformations. . : 4 


References 







. lar.outflow tract obstructia 1 Am: Jj Cardiol 29: 565- 567, 1972. 
5. Abbott MES: Atlas of C enital Cardiac Disease. New. York, 7 
. The American H art Assi | 3 
6. Gasul BM, Arcilla ! 
sis and Treatm 




















Communication Between Right Pulmonary Artery and 


Left Atrium 


NELSON A. de SOUZA e SILVA, MD 
EMILIO R. GIULIANI, MD, FACC 
DONALD G. RITTER, MD, FACC 
GEORGE D. DAVIS, MD 

JAMES R. PLUTH, MD 


Rochester, Minnesota 


From the Mayo Clinic and Mayo Foundation, 
Rochester, Minn. Manuscript accepted Decem- 
ber 5, 1973. 

Address for reprints: Emilio R. Giuliani, MD, 
Mayo Clinic, Rochester, Minn. 55901. 


The 12th case of a direct communication between the right pulmonary 
artery and the left atrium is reported, with special emphasis on the 
clinical and hemodynamic findings. The anatomic differences in the 12 
cases are categorized into three general types: an anomalous vessel 
connecting the posterior aspect of the right pulmonary artery and 
draining into the left atrium with (1) normal pulmonary venous connec- 
tions or (2) the pulmonary vein draining into the anomalous vessel; and 
(3) an anomalous communication draining into the left atrium in place 
of the absent right lower pulmonary vein. In patients with this anomaly, 
surgery should result in complete cure; early intervention is recom- 
mended because the mortality rate is higher for patients who are older 
at operation and because there is an increased chance that cerebral 
and systemic emboli will occur if surgery is not performed. 


Communication between the right pulmonary artery and the left atri- 
um is a rare congenital anomaly. To date, only 11 cases have been re- 


ported,!-!! 2 in separate articles. 5?:1?-14 This anomalous communica- 


tion is a clinical entity that is probably separate from the usual pul- 
monary arteriovenous fistula, and several possible embryologic expla- 
nations have been mentioned. 

We describe herein the hemodynamic and angiographic studies of a 
patient with this anomaly who was successfully treated surgically. 
The clinical and anatomic similarities and dissimilarities among this 
case and others described previously are noted. 


Report of a Case 


A 25 year old white man was referred to the Mayo Clinic in December 1972 
for evaluation of cyanosis. He was the product of a normal pregnancy and de- 
livery and cyanosis was apparently noted a few months after birth. Growth 
and development were normal and his physical and social activities had 
never been restricted. He frequently played handball and noted only mild 
“tiredness” after overexertion. He denied dyspnea, although the cyanosis in- 
creased during exercise. At age 22 years, while in the armed forces, he was 
again noted to have cyanosis but was not discharged from the service. He de- 
nied a history of dizziness or other neurologic symptoms, and no peripheral 
edema was noted. He stated that when he had a cold he occasionally had 
*streaks of blood" in the sputum. Varicose veins of the legs had developed 3 
years before his visit to our clinic. 

Family history revealed that the father (aged 56 years) has clubbing of the 
fingers but no cyanosis; he had had one episode of profuse epistaxis after 
local trauma that required local compression for a few days. The patient's 
only brother, aged 29 years, is apparently normal and acyanotic. 

Physical examination revealed the following: height 191.8 cm (75 1/2 
inches), weight 94.9 kg (209 Ib), blood pressure 110/80 mm Hg, and pulse rate 
82/min. The patient had cyanosis of the lips and limbs with clubbing of the 
fingers and toes. Jugular venous pressure was normal. No heart murmurs 
were present. No murmurs were demonstrated on careful auscultation over 
the lung fields. The legs had large varicose veins, with bilateral incompetence 
of the great saphenous veins (more severe in the right than in the left vein). 








E 1 (left). acide heals Recording speed 50 4/sec for standard electrocardiogram and 25 u/sec for X, Y, Z leads. 


'IGURE 2 (right). Chest roentgenogram revealing a prominent left ventricular contour and a zone of increased density behind the heart (ar 


ows). 


* Laboratory studies revealed the following: hemoglobin 
11.8 2/100 ml, hematocrit 64.4 percent, erythrocyte count 
4,640,000/mm?, red blood cell volume 2,916.8 ml (31.2 ml/ 
ug) and plasma volume 3,542 ml (37.8 ml/kg). Values for 
eukocyte and differential cell counts, special blood smear, 
ierum creatinine, plasma glucose, methemoglobin and sulf- 
nethemoglobin were.all within normal limits. The electro- 
'ardiogram (Fig. 1) revealed deep S waves in lead V». The 
rectorcardiogram was normal. A chest roentgenogram and 
luoroscopy disclosed a density behind the left atrium (Fig. 
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2) and prominence of the left and possibly the right ventri- 
cle. Echocardiographic findings were normal. 

Cardiac catheterization, performed on December 20, 
1972, revealed normal right-sided pressures (Table D. Mul- 
tiple single-sampling and central-sampling dye curves (Fig. 
3) revealed a right to left shunt at the level of the proximal. 
right pulmonary artery. The possibility of a left to tight 
shunt was excluded. The catheter was advanced inte the 
right pulmonary artery and entered a direct communica- 
tion between that artery and the left atrium, reaching the 
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t | 4. Spot film demonstrating passage of the catheter from (right lower lobe) wo 
Imonary artery to left ventricle. Pathway of the catheter is Left upper lobe pulmonary capillary 13/8 (m: 10) d. uo 
rior vena cava to right atrium to right ventricle to main pul- wedge en 





monary artery to right pulmonary artery to fistula to left atrium to left Main pulmonary artery 19 /A deg 

: Wricle. | | Right ventricle 22]2-1. T" E 
SU (dP/dt 208mm 
it yentricle (Fig. 4). The left-sided pressures were normal. Hg/sec) 
^: The oxygen saturation in the left ventricle was decreased. Middle of right atrium 7/0 (m 3) 
. Through the fistula, the catheter also reached the pulmo- Superior vena cava ES 2 nJ 
-nary veins of both the right lower and the left upper pul- Inferior vena cava (above diaphragm)  ... COUR 
E monary lobes. Inferior vena cava (below diaphragm)  ... E 

“Biplane angiography, performed after injection of con- OE E ATA E E E E E n 


: ‘trast medium into the main pulmonary artery, disclosed a 
direct communication between the posteroinferior surface Cardiac output (dye curve, left ventricle to femoral artery) = 
of the proximal right pulmonary artery and the left atrium 6.0 liters/min - 2.9 liters/min per m? 

(Fig; 5. —— l l Stroke volume index = 40 ml/beat per m? 
At. operation, performed on April 3, 1973, a primary Pulmonary vascular resistance (Rp) = 2.8 units m? 

& midline sternal incision was made. The left atrial append- Systemic vascular resistance (Rs) — 29.6 units mi 

^ age was moderately enlarged, "dtes the bird size of Rp/Rs = 0.1 

-thè left atrium was approximately normal. Both the right 

^. and the left ventricles were mildly enlarged. The right and VENTION ede S 

left pulmonary veins entered normally into the left atrium. 

^ The anomalous communication arose from the posterior 
wall of the right pulmonary artery and entered directly into Sat 
the left atrium. The posterior aspect of the fistula could 

— not be visualized. The anterior portion was very short (1 

1/2- mm) and broad (approximately 2 cm in diameter). A | | 

"probe was passed into the right pulmonary artery and Discussion 


own both superior and inferior pulmonary arteries on the | 
ight and into the left atrium through the fistula. The fistu- Clinical features: Of the 12 patients 7. ported on 
ous communication was then closed from within the dilat- (11 previously described and our own) (Table II) 
onary. artery after establishment of temporary hy- were male and 4 were female; their ages: ranged ftoi 
i on circulation with a TNA oxy- 9 months to 45 years. All were cyanotic, and all 
‘th two had clubbing. Seven had exertional dyspne: 
biu from mild to functional lass: IV (New 


Cardiac output (Fick) = 7.2 liters/min = 3.5 liters/min perm? ae 







Right to left shunt (dye curve, superior vena cava to femoral 
artery) = 36% 
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ser a d had: no d coinlieationé in io jminedidte post- 
e period and was discharged 8 days after operation. 
moglobin level o on the ee before discharge had de- 
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have been described in four cases: hemangioma of 
forehead (Case 1), stenosis of left pulmonary artery 
(Case 4), small left upper pulmonary lobe atrioven- 
tricular fistula (Case 7), and varicose veins of legs 
(Case12). | 

_ Roentgenographie and electrocardiographic 
i indings: The chest roentgenograms were interesting 
in nine cases (two retrospectively) because there were 
abnormal densities in the posterior pulmonary hilar 
areas (Table II), but these were not specifically indic- 
ative of the lesions. The electrocardiogram was non- 
specific, demonstrating abnormalities such as right 
bundle branch block, right axis deviation, left axis 
deviation, left ventricular hypertrophy, left atrial en- 
largement, prominent P waves and first degree atrio- 
tricular block. However, four patients had normal 
electrocardiographic findings. 

_ Surgical results: Nine patients underwent opera- 
Lon: six have survived and are apparently cured. 
"Three died after operation of diverse causes (heart 
failure, embolization to the right pulmonary artery 
and gastric hemorrhage). In two the diagnosis was 
made at autopsy, the caus of death being cerebral 
ni li and cerebral abscess, respective- 
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FIGURE 5. Simultaneous biplane pul- 


{A and C) and lateral (B and D). 
views. In A and B, arrows point to- 

early filling of left atrium through di- 
rect communication between main 
right pulmonary artery and adjacent 
left atrium. in C and D continued 
flow is seen by way of the fistula into 
left atrium and left ventricle 0.67 sec- 
ond later. 


whereas those who survived had a mean age of 12.8 
years. Only one of the nine patients who underwent 
operation was female, and she died. 

The hemoglobin level as well as the arterial oxygen 
saturation did not seem to be related to the surgical 
outcome. The mean hemoglobin level was 20.7 g/100 
ml and 20 g/100 ml in those who died. The mean ar- 
terial oxygen saturation was 74.4 percent in survivors 
and 73.3 percent in nonsurvivors. D 

Three of the patients who survived and one of. 
those who died had normal electrocardiograms. gue 
roemgenograms revealed cardiac enlargement i 

three of the four patients who died and a normal | 
heart size in four of the six patients who survived. 

Hemodynamic findings: It is difficult to explain 
why heart failure and cardiac enlargement develop in . 
some patients with this lesion since there is no vol- . 
ume overload of the heart chambers. A chronic state 
of hypoxemia could interfere with left ventricular 
function,!^ but no hemodynamic studies of left ven- 
tricular function were performed in these cases. — | 

In our patient, the left ventricular end-diastolic 
pressure was normal, as was the first c 
ventricular pressure (dP/dt). | 
had the smallest right to left- 
the least degree of iypoxemi:; 
ration 90 perum ) of 
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wedge pressures also were normal in Cases 5 and 10 was equal to the resistance in the normal pulmonary . 
(not mentioned in the other cases); normal right- vascular bed, whereas the vascular resistance in the © 
sided pressures also were found in Cases 1, 5, 7, 8, 10, nonfistulous part of the pulmonary vascular system — 
11 and 12. Cardiac output was normal in our case and was about twice normal. Kroeker et al? studied the . 
in Cases 1 and 5 (not mentioned in the other cases). hemodynamic findings in a 40 year old woman viu) 

Friedlich et al.! found that resistance in the fistula this anomaly. They found that with exercise the pul- 3 


TABLE II 


Laboratory Findings and Surgical Results in 12 Cases 











Hemo- 
Age globin Hemato- Oy Satu- 

Case (yr) & .. Chest (g/100 crit ration — Rt. to Lt. * 
no. Sex . Electrocardiogram Roentgenogram ml) (95)  (vol.%) Shunt (92) Surgery Results ER 

11435: 15 Rt. axis deviation Normal 25.3 79: © GR 71 Communication Survived n 

M ligated and s 
divided E 
2 33  Prominent P Enlarged heart PW v 68 50 Exploration only; Died few hours j 
M waves in leads inoperable postop., heart " 
ll and Ill ! failure z 

33 45 Rt. bundle branch Enlarged heart 14.8 54 66 76 y Died X 
F  . block, atrial shadow obscur- E 
fibrillation, ing rt. heart E 
anterior myo- border za 
cardial infarct > a 
44 3  Lt.axis deviation, Enlarged heart, 18.5 62 m e Fat’ Died A 
F It. ventricular rounded density a 
hypertrophy, It. — rt. hilum ^ 
atrial enlarge- 2. 
| ment Y 
55 40 Normal Rounded density 19.7 62.5 81 53 Anomalous vessel Died postop. with - n. 
F posterior and ligated, saccular embolization to — 
inferior to hilar aneurysm rt. pulmonary E 
shadow resected artery 3 
65 9/12 (?) Enlarged heart, x be. sS "E (?) (?) E 
F rt. hilar mass d 
p 14 Normal Rounded area 20.6 69 65 55 Anomalous vessel Survived A 
M anterior to doubly tied and = 
esophagus closed with trans- ij 
fixing sutures j 
8s 9 Normal Density rt. hilum — 18.6 16 81 1/30f Diverticulum and Survived A 
M cardiac feeding vessel 4 
output separately sutured ko 
git 22 Lt. ventricular Abnormal 20.3 80 71 ET Anomalous vessel Died6dayspost. 
M hypertrophy, It. divided op., gastric AD 
atrial enlarge- hemorrhage ES 
ment 3 
10° 10 Normal Enlarged heart, 20.7 65 76 64 Connection between Survived ai 
M density rt. lung rt. pulmonary 7] 
artery and aneu- Er 
rysmal sac ligated M. 
: and sutured aa 
pin 3  lstdegree A-V Rounded density 17.1 50 69 Lj Intracardiac repair Survived, episodes . 
M block rt. border of ofanomalousves- of complete heart - 
heart sel using cardio- block postop. a 
1 pulmonary bypass Y 
12 25  DeepS wavesin Density behind It. 22.0 64 90 36 Closure of fistulous Survived, no com- — 
(pres- M lead V; atrium, enlarged tract after estab- plications im- 4 
ent heart lishment of hypo- mediately E 
case) thermic extra- postop. D 
: corporeal circula- 23 
tion a 





Lt. = left; postop. = postoperatively; rt. = right. 
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d 12 cases of right pulmonary ar- 


Top. Cases 1t0.3, 5 to 8, 11 (ab- 

1l and 12 (present. case). Middle, 
Pulmonary ` vein drainage was nor- 
‘was not mentioned in Cases 


ise 10. in Cases 4,9. 


in. [a lung 


aaie ou phates ‘bed (4 4 mits/ n? 
Our patient had an increase in cyanosis. 
tion, which would suggest an increase in t 
left shunt. We did not study our patient du: 
cise, and consequently we do not know: } 
changes might have occurred in the poimonel 
cular resistance. 

Embryogenesis: No definite embryologie ex 
tion of this anomaly has been given. It has b 
gested’ 3 that this type of lesion may 1 result from 


main punen veins. Daler ihe ae puli 
vein becomes incorporated into the wall of the 


atrium during atrial enlargement.!9 The patient. of NE 
Kroeker et al. (Case 5) had an accessory lobe witha | 
rudimentary bronchus between the lower and middle 
lobes in intimate association with the fistula. These 
authors believed that the fistula represented the orig- 
inal vascular connections of the accessory lobe of the 
right lung. Pulmonary vein anatomy was not de ME 


scribed in either report. ?^ 


This embryogenic explanation is not shared. By ps 
Tuncali and Aytac? because all pulmonary veins of — 


their patient drained into the saccular dilatation of... 
the fistula before they entered the left atrium. Lucas 
et al.* have postulated that such communications be- 
tween the pulmonary artery and the left atrium are 


the result of agenesis of the lobe of the lung and con- | >. 
sequent absence of the pulmonary capillary bed. In. ix 
their patient (Case 4), absence of the middle and FN 


lower lobes was associated with the fistula. These. aü- 
thors also suggested that the communications. 
left atrium may bie eie the iih. peimona 


the left atrium. gon, 
x a | valid explanation for r th 
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alies of the anatomy of the right lung, absence of the 
right pulmonary veins and differences in the way the 
pulmonary veins drain into the left atrium (Fig. 6). 
Conclusion: Despite its rarity, a communication 
between the right pulmonary artery and the left atri- 
um is suggested before operation in a patient with cy- 
anosis who has no other major cardiovascular find- 
ings and has an abnormal roentgenographic density 
in the pulmonary hilus. Cardiac catheterization with 
angiography is essential in establishing the diagnosis 


and defining the anatomy before surgery. Early sur- 
gical intervention with interruption of the fistulous 
tract after definition of the pulmonary vein drainage 
should improve the survival of these patients by pre- 
venting the development or censequence of serious 
complications such as rupture, hemoptysis, poly- 
cythemia, brain abscess and cerebral and peripheral 
emboli. Improvement in surgical techniques as well 
as early intervention, as recommended by Abe et 
al.,!! should result in decreased surgical mortality. 
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Nontyphoid salmonella septicemia (Salmonella oranienburg) devel- 
oped in a 7 year old boy after open heart surgery for repair of a 
ventricular septal defect and aortic insufficiency. Investigation re- 
vealed that the patient and his younger brother were apparently 
asymptomatic carriers of this organism. 

The reasons for transformation of the carrier state into septicemia 
are discussed and the danger of the carrier state in patients undergo- 
ing open heart surgery is stressed. Since the mortality rate of salmo- 
nella endocarditis is extremely high, preoperative cultures of patients 
at risk are indicated. The carrier state should be eradicated before 
open heart operation is performed. 


Infections after open heart surgery are not uncommon and can be 
caused by both pathogens and nonpathogens.!-^ Fungal infections 
have also become more frequent as chronically ill patients undergo 
and survive open heart procedures.? In this group of patients, espe- 
cially those who have prosthetic material or valves inserted, the risk 
of endocarditis is significant, and this complication often requires 
reoperaton to remove the nidus of infection before a cure can be ob- 
tained.* The gravity of the problem is demonstrated in the recent re- 
port by Dismukes et al.? of 38 patients who had endocarditis after in- 
sertion of a prosthetic valve. In the 19 patients who had endocarditis 
within 2 months after the operation, the mortality rate was 68 per- 
cent (13 of 19). 

The prevalence of asymptomatic carriers of nontyphoid salmonella 
in the general population has been estimated at 12 percent and ap- 
pears to be increasing.?-? The existence of this asymptomatic group 
together with food and animal sources of salmonella has resulted in 
infectious lesions including endocarditis, myocarditis and pericarditis 
due to various nontyphoid salmonella species.!?-!? The relatively 
high rate of salmonella infections in patients with aortitis and arteri- 
tis, especially in those with large arteries, has been of particular inter- 
est.1?!^ All of these patients had a previous infection, usually with di- 
arrhea, before the septicemia and endocarditis became evident. By 
contrast, the patient to be described here was apparently an asymp- 
tomatic carrier of salmonella; there was no previous history of infec- 
tion but salmonella septicemia occurred after open heart surgery for a 
ventricular septal defect with aortic insufficiency. 


Case Report 


A 7 year old white boy was admitted to University Hospital for repair of a 
ventricular septal defect and aortic insufficiency. A cardiac murmur was 
heard soon after birth and persisted although the boy remained asymptomat- 
ic. Six months before operation, there was an increase in left ventricular size 
accompanied by a widening of the pulse pressure. Cardiac catheterization re- 
vealed moderate to severe aortic insufficiency through a prolapsed right 
coronary cusp with a high ventricular septal defect. Operation was advised to 
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FIGURE 1. Chart outlining the hospi- 
tal course. O.R., day of operation, 
with the patient receiving sodium ox- 
acilin. 1, the patient has shaking 
chills; treatment with sodium oxacillin 
is stopped; administration of sodium 
cephalothin and gentamicin is started. 
2, the patient has shaking chills; sodi- 
um cephalothin is replaced by sodium 
ampicillin; administration of gentami- 
cin is continued. 3, administration of 
sodium ampicillin and gentamicin is 
stopped; treatment with intravenously 
administered chloramphenicol is 
started. 4, there is an area of tender- 
ness around the site of the indwelling 
intravenous line. 5, oral administra- 
tion of chloramphenicol replaces in- 
travenous administration. 6, the pa- 
tient is discharged from the hospital 
on a regimen of orally administered 
chloramphenicol. 7, treatment with 
chloramphenicol is stopped. BC = re- 
sults of blood culture; HGB = hemo- 
globin (g/100 ml); RC = results of 
rectal swab culture; Retic. = reticulo- 
cytosis (percent). 


?Fahrenheit 


close the defect and repair the aortic valve before progres- 
sive valvular damage would necessitate prosthetic replace- 
ment. !^ 

On physical examination, the boy was thin but well de- 
veloped and in no distress. Vital signs were normal except 
for a widened pulse pressure. There was left ventricular en- 
largement. A grade 4/6 holosystolic murmur was heard at 
the lower left sternal border and a grade 4/6 diastolic mur- 
mur at the base; a grade 2/6 mid-diastolic rumble was 
heard inside the apex. The heart sounds were normal. The 
electrocardiogram revealed left ventricular hypertrophy. 
The chest roentgenogram revealed increased pulmonary 
vascularity but no parenchymal disease; the left ventricle 
was enlarged. Results of all routine preoperative laboratory 
tests were within normal limits. Other past medical history 
was noncontributory. The most recent infection, a strepto- 
coccal pharyngitis with a scarlatiniform rash, was treated 
with penicillin 3 months before admission. 

On the night before operation, the boy received 500 mg 
of sodium oxacillin (Prostaphlin®) and 30 mg of gentamicin 
(Garamycin®). Operative repair of the ventricular septal 
defect and aortic insufficiency was successfully accom- 
plished with the patient on cardiopulmonary bypass. Re- 
suspension of the prolapsed right coronary leaflet with par- 
_ tial closure of the commissure between the right and non- 
coronary cusps corrected the aortic insufficiency. A large 
supracristal ventricular defect was closed using a Dacron® 
patch. 

Postoperative course and treatment: The initial post- 
operative course was uneventful. Mild right ventricular 
failure was controlled with digoxin and diuretic agents. 
Moderate fever was present during the first 3 days but on 
the 4th postoperative day, the temperature rose to 104? F 
and the fever was accompanied by shaking chills. Treat- 
ment with sodium oxacillin, 50 mg/kg per day, which had 
been administered since the operation, was discontinued. 
Cultures were taken and therapy with sodium cephalothin 
(Keflin Sodium) and gentamicin was started (Fig. 1). Cul- 
tures of the urine, chest tubes and nasopharynx were nor- 
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mal. All blood cultures grew out a gram-negative organism 
identified as Salmonella oranienburg (Cl). Accordingly, the 
sodium cephalothin was replaced by sodium ampicillin 
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(Polycillin®); treatment with gentamicin was continued. d 
Nystatin (Mycostatin®) was administered orally to prevent . 


fungal overgrowth in the gastrointestinal tract. A rectal 


swab, taken as soon as the blood culture was reported posi- - 


tive, also grew out Salmonella oranienburg. Persistent fever 
spikes continued despite the antibiotic therapy, and bacte- 
rial sensitivity tests showed moderate resistance to the so- 


dium ampicillin. Chloramphenicol (Chloromycetin®), 100 x 


mg/kg per day, was substituted and was continued intrave- 
nously for 4 weeks. The first negative blood culture was ob- 
tained on the day that chloramphenicol therapy was start- 
ed and the first negative rectal swab was obtained after 
about 1 week of this treatment. The fever gradually de- 
creased except for one rise in temperature to 102° F on the 
15th postoperative day that appeared to be related to some 
inflammation around the site of the indwelling intravenous 
catheter. The clinical course was otherwise uneventful. 
After 4 weeks of intravenous administration, chloram- 


phenicol was given orally for an additional 10 days. This . 


treatment was stopped 4 days earlier than planned because - 


of a decrease in hematocrit and white blood count values, 


which subsequently returned to normal with no return of - 


the fever. Digoxin therapy was discontinued 1 month after 


operation. Throughout the treatment, a grade 2-3/6 systol- . 
ic ejection murmur was heard over the base with minimal - 


radiation. No new murmurs developed during the salmo- 


nella septicemia. Although the boy was treated as if he had — 


endocarditis, the presence of this lesion was not proved 
since sterilization occurred with medical management. 


Subsequent follow-up in the clinic revealed no recurrence, - 
and the boy is doing well without medications or restric- 


tions. 
Epidemiology: Further evaluation of the family was 


begun upon identification of the organism. The father and . 
mother, 33 and 30 years of age, respectively, were both born . 


in Italy. They are in good health, have never had any seri- 
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ous illness and do not remember having any prolonged or 
severe bout of diarrhea or vomiting. There are two younger 
siblings, a 3 year old girl, who has never been seriously ill, 
and a 5 year old boy, who had a severe bout of diarrhea of 1 
week's duration at age 3 years. This episode was accompa- 
nied by initial vomiting and a fever that persisted 5 to 6 
weeks, long after the diarrhea had cleared. This illness did 
not affect other family members and occurred after the boy 
had eaten candied popcorn brought into the home by a rel- 
ative from Italy. Although all three children have been ex- 
posed to the pets of other children, there has been no pet in 
- the home and no other persons live with the family. 

All members of the family had blood drawn for salmonel- 
la titers and had rectal swabs performed. Except for the pa- 
. tient, results of all titers were negative. Results of the rectal 
_ swabs in the mother, father and sister were negative. The 
brother's swab grew out Salmonella oranienburg and the 
organism had the same sensitivity values as those of our 
patient. Although the brother was asymptomatic, oral 
_ treatment with chloramphenicol was given to eradicate the 
carrier state from the home. 


Discussion 


Nontyphoid salmonellosis is not a rare infection in 
_ New York City, and a variety of subspecies have been 
identified during neighborhood epidemics.? Asymp- 
tomatic carrier states are not unusual and an overt 
infection need not precede the carrier state. The ma- 
jority of salmonella infections occur after the inges- 
tion of contaminated foods, but many are caused by 
direct contact with animal carriers9-5; fowl and tur- 
tles have been particularly incriminated in the spread 
of this organism.!® Carrier states in man also contrib- 
. ute to the spread of infection; travelers may bring a 
variety of organisms into nonendemic areas.'’ In the 
family described here, the disease appears to have 
originated with the patient's brother; it seems proba- 
ble that our patient became infected through him. 
The mother, father and sister may have escaped the 
infection as a result of better hygiene. Whether the 
popcorn or the relative from Italy was the original 
source of the salmonella remains undetermined. The 
carrier state can persist and occasionally can be pro- 
longed by associated gastrointestinal parasites,!? but 
these organisms were not found in this family. Adults 
with salmonella persisting in the gall bladder without 
overt infection have also been described!?; these pa- 
tients may have wound infection and septicemia after 
gastrointestinal surgery, and spread of the organism 
to other patients and personnel becomes an addition- 
al danger. 

Causes of active postoperative infection: The 
method of conversion of the asymptomatic carrier 
state in our patient to a state of overt infection with 
septicemia remains open to speculation. The stress of 
open heart surgery can lead to gastrointestinal ulcer- 
ations, especially in patients with aortic valve dis- 
ease,20?! and the salmonella can then enter the 
bloodstream directly from the gastrointestinal tract. 
Although no positive reaction to tests for occult 
blood in the stool was found in our patient, this was 
not checked until after the septicemia was diagnosed. 


Treatment of salmonella carriers has occasionally re- 
sulted in a disease state if the salmonella organism is 
resistant to the antibiotic agent used and overgrowth 
occurs.?”28 The use of prophylactic antibiotic agents 
before operation may have allowed some salmonella 
overgrowth in our patient, but he had no diarrhea or 
other gastrointestinal symptoms. Another possible 
method of infection is fomite contamination from the 
stool itself. Certainly, after open heart surgery, there 
are multiple wound sites where the bacteria can 
enter. Although none of the staff caring for the pa- 
tient had overt infection, extensive epidemiologic 
evaluation was not performed. 

Salmonella endocarditis: The rapid clearing of 
the organism from the bloodstream was fortunate 
since a prosthetic patch for the ventricular defect and 
aortic valvuloplasty sutures were used for the intra- 
cardiac repair. The results of treatment of endocardi- 
tis caused by salmonella have not been good, with the 
majority of the affected patients dying in spite of ini- 
tial apparent '"cure."!9./2 The results in our patient 
suggest that either no endocarditis resulted from the 
septicemia, or the infection was superficial and steril- 
ization occurred without injury to the sites of intra- 
cardiac repair. The possibility that salmonella septi- 
cemia may develop in an asymptomatic salmonella 
carrier after an open heart procedure also raises the 
threat of salmonella endocarditis, which is difficult to 
cure. 

Prophylaxis and treatment: Although treatment 
of asymptomatic carriers of nontyphoid salmonella 
has not seemed warranted since complications may 
arise from the treatment and the carrier state often 
clears spontaneously, a patient undergoing open 
heart surgery would be safer without this organism in 
his body. Rectal swabs of persons at risk would iden- 
tify most carriers. How to identify the patients at risk 
without testing all remains uncertain. In general, car- 
rier status should be suspected in patients in lower 
economic groups and those born or traveling in, or 
having visitors from, endemic areas. The history of a 
severe or prolonged episode of diarrhea in a patient 
or a member of the family also should raise the level 
of suspicion. If a carrier is not identified before oper- 
ation and an infection results, treatment should be 
instituted quickly and changed if sensitivity levels in- 
dicate resistance to the initial drugs chosen. Since the 
mortality rate of salmonella endocarditis is high, a © 
prolonged antibiotic course with careful follow-up is 
indicated. Sodium ampicillin is often the drug of 
choice and is bactericidal. However, resistance has 
been reported, and chloramphenicol may be needed 
in spite of its known toxicity. If medical management 
is not successful and obvious endocarditis has devel- 
oped, operative intervention may be necessary to re- 
move the nidus of infection before sterilization with 
antibiotic agents can be effective. 
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Pathogenesis of Myocardial Infarction 


(Culpable Clot?) 


HOWARD B. BURCHELL, MD, FACC 


Minneapolis, Minnesota 


This issue of the Journal contains a report of a work- 
shop on the role of coronary thrombosis in the patho- 
genesis of acute myocardial infarction that will be of 
aid to the many students of varied disciplines inter- 
ested in coronary disease. The stated objective of the 
workshop was to clarify the more than quarter-centu- 
ry old controversy concerning the role of coronary 
thrombosis as a cause of myocardial infarction, with 
particular focus on the hypothesis that, when throm- 
bosis is found, it may be the consequence (ex post 
facto) of the infarction rather than its antecedent. 

Despite the carefully presented new data and the 
worthy opinions contained in the report, the argu- 
ments will probably continue. However, if the partic- 
ipants had been in a debating forum, I suspect that 
“the house” would have voted for the side affirming 
that coronary thrombosis, when found in a narrowed 
atherosclerotic vessel, is commonly the determining 
event for the large infarction, and this viewpoint ap- 
pears to be favored in the moderator’s conclusions. 

In the subtitle to this commentary, I used the term 
“clot” to be provocative; patently, a clot is not a 
thrombus, but it is not evident that this distinction 
was kept crystal-clear throughout the workshop pro- 
ceedings. The role of intimal injury, platelet-aggre- 
gating chemicals and changing electric potentials, as 
well as fibrin formation, deserved greater emphasis in 
the introduction. 

The reader of the report will appreciate that the 
objectives of the workshop did not include explora- 
tion in depth of a parallel controversy regarding the 
possible roles of coagulation and microthrombosis in 
the atherosclerotic process. Also, no one contested 
the belief of many that sudden thrombotic occlusion 
of a coronary artery is not the only, or even the 
major, miscreant in the lethal toll of ischemic heart 
disease. Many physicians have used anticoagulant 
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therapy in the management of patients with coronary 
disease, despite the lack of proof of its efficacy. They 
have not necessarily had a “gun barrel" view of a sit- 
uation, attempting only to prevent clotting in a coro- 
nary vessel, but rather may have perceived the anti- 
coagulant program as a deterrent to a thrombosing 
diathesis in any part of the circulation. Thus, the 
moderator may have expressed too narrow a view of 
one implication of the conclusions of the workshop. 

I have been skeptica! of the pathologist’s ability to 
identify early infarction (animal models are not rep- 
resentative of the ischemic human heart) or to time 
accurately the duration of an acute infarction or a 
thrombus. The Discussion section of the report con- 
tains the statement: “Since the estimation of the age 
of either an infarct or a thrombus in histologic mate- 
rial is at best crude, comparison of the age of one 
with the other is made doubly hazardous”; none of 
the conferees are on record as having taken exception 
to the statement. When quoting from pathologists’ 
papers, many physicians have found it easy to forget 
the qualifying phrases included in the data on the age 
of an infarct or thrombus. 

One of the exciting new developments, discussed 
by Erhardt in the workshop, is the utilization of ra- 
dioactive fibrinogen to determine the time of onset of 
thrombosis. The work of his group, when initially re- 
ported, appeared to prove unequivocally that throm- 
bi developed after myocardial infarction. Many have 
been waiting for an extended report and corrobora- 
tive studies. Although their procedure is surely harm- 
less, there is always a macabre aspect to a protocol 
wherein one does something to the living in order to 
learn something from the corpse; this aspect, togeth- 
er with the recent chilling climate for human experi- 
mentation, may explain the apparent tardiness in ex- 
ploiting the method. 

Schwartz in his discussion points out a conceptual 
or semantic error in many clinical and epidemiologic 
reports—"'the facile inclusion of all cases of sudden 
death in the category acute myocardial infarction"; 
greater emphasis might have been given to the im- 
portance of correcting this confusing custom in the 
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Conclusions of the report. Although Spain in his 
comments sets up (and destroys) a “straw man” of 
previously “‘generally undisputed” beliefs, his present 
concepts are presented with persuasive clarity. In 
particular, I have found attractive the hypothesis 
that the “process of ischemia and infarction may be a 
continuum" in some cases. In 1967, Bondurant? 
pointed out our “well of ignorance" concerning the 
genesis of the myocardial infarction event. Although 
much has been learned in the past 7 years about the 
determinants of myocardial oxygen needs, the poten- 
tial roles of ventricular preload and afterload, the au- 
toregulation of coronary flow and the possibilities of 
“steal”, the effects of endocrine compounds and the 
metabolic substrate, and the influences of cellular 
edema and drugs, the initiating malevolent factor 
triggering an explosive onset of infarction still eludes 
us. However, our understanding of the complexities 
of the situation is significantly advanced over the 
simplistic view of half a century ago in which infarc- 
tion might have been equated with experimental cor- 
onary ligation in the dog or, in man, with sudden 
thrombosis of a coronary artery and resulting infarc- 
tion. 

One statement in the Discussion that might pro- 
mulgate a superficial appraisal of the reduction of 
flow by stenosis in an artery is the parroting of a 
common view that arterial blood flow is altered only 
when the percent of luminal narrowing reaches 80 to 
90 percent. There is no mention of whether this is a 
percentage of cross-sectional luminal area or of diam- 
eter, and there is a seeming disregard for the effects 
of the length of the stenotic segment and of the pres- 
ence or absence of distal obstructing lesions and in- 
termittent and turbulent flow. It was rather exasper- 
ating to note that a crucial reference (Reference 32) 
regarding the validity of the critical narrowing per- 
centage to reduction of flow in man was a personal 
communication based on an article in press. 

Not adequately discussed, possibly because of lack 
of pertinent “hard data," are the myocardial infarc- 
tions associated with coronary arterial thrombi al- 
leged to occur during hypotensive, thrombophilic 
states during general surgical procedures, or at the 
time of gross bleeding from peptic ulcers. 

Some of the statements of both the protagonists 
and antagonists of the thesis that thrombi are the re- 
sult rather than the cause of infarction suggested to 
me that they wished for a comfortable eclectic doc- 
trine, so helpful in pedagogy. A carping critic doubt- 
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ing the universality of infarction as an antecedent of 
thrombus could have inquired about the conferees' 
concept of the final mechanism of the complete clo- 
sure of atherosclerotic coronary vessels in the ab- 
sence of a myocardial scar readily demonstrable clini- 
cally or pathologically. 

In the workshop protocol, one suspects that the 
participants had been urged to take strong positions 
regarding their concepts and to adopt a simulated ad- 
versary role thereby to heighten interest in the 
subject, expose ignorance, deflate pomposity and 
bring issues into better focus. Perhaps also, heated 
arguments among the experts would draw attention 
to the need for financial support for further research 
on the subject, allbeit the curmudgeonish budgeteer 
might prefer to see his research dollars go to young 
independent investigators, without imperative or lar- 
gesse for another workshop in the near future. The 
latter innuendo reflects my biased view that open 
meetings of national societies in plenary or sectional 
sessions will more often lead to identification and 
resolution of problems than will repeated "think- 
tank" retreats. 

It is evident that stimulated controversy in medi- 
cine, as exemplified by recent debates at national 
meetings, can be a counterproductive force. The 
speaker sometimes appears to be more enchanted 
with the brilliance of his argument and the beauty of 
his cherished methodology than motivated to give a 
balanced exposure of the current truths. Some listen- 
ers may only become further attached to their pre- . 
conceptions, remembering only those statements that 
support their prejudices. 

Walter Cannon? has mused at length on both the 
advantageous and the baneful features of controver- 
sy, and I quote one of his generalizations: “Properly 
conducted, a polemic may leave both the original in- 
vestigator and his critic with the conviction that they 
have been concerned with the advancement of 
science. The desire for conquest, the impulse to en- 
gage in triumphal exaltation is absent. Also, the em- 
phasis on observed fact may lead to further work of 
a more refined character, and thus to new and unan- 
ticipated discoveries." 

One can expect more on this controversy from 
both the investigators and the critics. I have already 
noted two editorial reviews of the topic,* one by a 
conferee of the meeting. These make worthwhile 
reading but add little to what was discussed in the re- 
port published here. 
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“Salvage” with Assisted Circulation in 
Acute Myocardial Infarction and Shock 


LESLIE A. KUHN, MD, FACC 
New York, New York 


As an early investigator of assisted circulation in 
acute myocardial infarction with shock, I have been 
asked to comment on Lawrence S. Cohen's informa- 
tive editorial on the status of circulatory assist de- 
vices appearing in the February 1974 issue of the 
Journal.! 

Cohen has ably detailed the theoretical consider- 
ations in favor of the use of mechanical circulatory 
support in myocardial infarction with shock. Never- 
theless, survivors of this approach have been few, and 
available experience suggests that we cannot aban- 
don future study of medical management of these pa- 
tients although there is a fairly uniform pessimistic 
attitude about the outcome of such management. It 
should be appreciated that in this country more than 
90 percent of patients with myocardial infarction are 
treated in community hospitals rather than universi- 
ty centers. The required personnel and equipment 
for circulatory support are usually not available in 
these institutions. In addition, many of the patients 
are beyond an appropriate age or have complicating 
conditions so that mechanical circulatory support 
and surgery are not feasible or desirable. 

Our studies at Mount Sinai Hospital in New York 
suggest that we are seeing fewer cases of the shock 
syndrome after acute myocardial infarction than 
were formerly seen in our institution or than are com- 
monly reported to occur. Although a 10 to 15 percent 
incidence rate of cardiogenic shock among hospital- 
ized patients with acute myocardial infarction is 
often mentioned, our studies reveal a considerably 
lower rate.? Shock developed in only 28 of 663 con- 
secutive patients with acute myocardial infarction 
admitted to our coronary care unit in an 18 month 
period. We have attributed this low incidence rate 
(4.2 percent) to probable prevention of shock by bet- 
ter treatment of congestive heart failure, arrhyth- 
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mias, fluid deficits and metabolic derangements. Al- 
though it is difficult to prove, we believe that consid- 
erable strides are being made already in shock pro- 
phylaxis. 

This leaves a residuum of patients with extensive 
acute and old myocardial damage whose condition is 
generally refractory to all treatment. Our data indi- 
cate that it is untikely that pump support and sur- 
gery will be effective in large numbers of these pa- 
tients. The average age of our patients with shock 
was 68 years. If one assumes a reasonable “cut-off” 
age beyond which there is reluctance to consider a 
patient for temporary circulatory support, angiogra- 
phy and surgery, only half of our patients with shock 
(2.4 percent of those with myocardial infarction) 
were less than 70 years old. Ten patients (35 percent 
of the group with shock, 1.5 percent of those with 
acute myocardial infarction) were less than 65 years 
old. Those less than age 70 who lived at least 2 hours 
(in our experience the minimal time required for at- 
tempting emergency medical therapy and making the 
intraaortic balloon pump operative) numbered nine 
(1.4 percent of our patients with myocardial infarc- 
tion). 

A 4 month survival rate of about 15 percent has 
been reported in cardiogenic shock with pump sup- 
port alone or combined with surgery.? Our results in 
an ongoing study indicate no survivors among 14 con- 
secutive patients subjected to intraaortic balloon 
pumping, some of whom also underwent emergency 
revascularization surgery. Therefore, it is unlikely 
that substantial numbers of patients will have long- 
lasting benefit from this approach with or without 
emergency surgery. If we used the most optimistic 
avallable figures, our predicted salvage from in- 
traaortic balloon pumping alone would be one or two 
patients in an 18 month period. Predicted salvage 
from intraaortic balloon pumping plus revasculariza- 
tion surgery would be about three patients in this in- 
terval. It does not appear fruitful for most hospitals 
to undertake individual efforts at pump support and 
surgery, and it does seem more feasible to group such 
approaches. 

Despite the gloomy outlook on its use in shock, 
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aortic balloon pumping, or perhaps external counter- 
pulsation, may have a role in treating less severe cir- 
culatory disturbances. As a therapy for relatively sta- 
ble angina pectoris, the technique is difficult to eval- 
uate and probably has little more efficacy than cur- 
rently available medical or surgical approaches. After 
some initial enthusiasm for its application in angina,° 
less optimistic reports are already available. Me- 
chanical circulatory assistance may be useful in re- 
lieving frequently recurring attacks of refractory se- 
vere myocardial ischemia.’ Because the balloon 
pump improves the hemodynamic status of the fail- 
ing heart, it may aid in the therapy of refractory seri- 
ous arrhythmias in the context of clinical or subclini- 
cal congestive heart failure. Our present experience 
suggests that it may be quite useful as an adjuvant in 
the angiographic study of patients at high risk. 

Can circulatory support be used to prevent shock 
in clinical acute myocardial infarction? Despite some 
theoretical support for this view, we do not have an 
answer to this important question. However, high- 
risk hemodynamic and clinical subsets of acute myo- 
cardial infarction have been identified.? It seems rea- 
sonable to attempt circulatory support in patients 
with measurable profound depression of myocardial 
function who do not exhibit shock? and in those 
- judged to have a large infarct although no profound 
circulatory deterioration is yet manifest. In patients 
whose condition is relatively stable, the noninvasive 


diastolic augmentation technique may be more easily 
applied than the technique requiring intravascular 
cannulation, but it may not be as effective as in- 
traaortic balloon pumping under all hemodynamic 
circumstances.1?.!! Of key importance in evaluation is 
careful study of morbidity and early and late mortali- 
ty in patients without circulatory support in various 
clinical, electrocardiographic and hemodynamic sub- 
groupings. 

I do not think we should become “locked into" a 
single method of circulatory support. For severe con- 
gestive heart failure, left ventricular bypass may be 
more effective than intraaortic balloon pumping. We 
have found left ventricular “drainage” uniformly ef- 
fective in reversing refractory ventricular fibrillation 
in experimental acute myocardial infarction,'? and 
the technique can improve the dynamics of a failing 
left ventricle rapidly. In our institution, preparations 
have been studied that would allow repeated use of 
left atrial-aortic shunting over a protracted period.!? 
This approach may permit relatively long-term man- 
agement of the failing heart after extensive myocar- 
dial infarction. Circulatory support may be used to 
increased advantage with moderate hypothermia to 
reduce oxygen need or with hyperbaric oxygenation 
to increase myocardial oxygenation. Although the 
original indication for circulatory support may have 
proved not quite fruitful there is no lack of potential 
application of such techniques in the future. 
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-PHENTOLAMINE IN ACUTE MYOCARDIAL INFARCTION 


In their recent article Walinsky et al.! stated that adminis- 
tration of phentolamine can improve left ventricular per- 
- formance only if the left ventricular end-diastolic pressure 

is more than 15 mm Hg. This observation is at variance 

with the results recently reported by Kelly et al.? as well as 
our own findings. 

Kelly's group found that administration of phentolamine 
can improve left ventricular performance in patients with a 
myocardial infarction, irrespective of left ventricular filling 
pressure. Indeed, their four patients with pulmonary capil- 
lary wedge pressure of 15 or 16 mm Hg responded to phen- 
tolamine with a reduction in left ventricular filling pres- 
sure, and three patients had a large rise in cardiac index. 

In our study,? infusion of phentolamine improved left 
ventricular performance in 10 patients with an acute myo- 
cardial infarction. In the four patients with a wedge pres- 
sure of less than 15 mm Hg it resulted in a decrease in 
wedge pressure and a rise in both cardiac index and stroke 
index. We administered phentolamine at an infusion rate 
of 0.4 mg/min for a 30 minute period; the result was an av- 
erage decrease of 10 mm Hg in mean brachial arterial pres- 
sure and an average increase of 12 beats/min in cardiac 
rate. 

Perhaps the very large dose of phentolamine utilized by 
Walinsky and his co-workers produced the large increase in 
cardiac rate in their patients with normal left ventricular 
filling pressure. 

An infusion of phentolamine has little hemodynamic ef- 
fect in normal persons. However, even cardiac patients 
without an infarction but with normal left ventricular fill- 
ing pressures will have a significant improvement in cardi- 
ac performance after administration of phentolamine.* 


Lawrence Gould, MD, FACC 
Robert F. Gomprecht, MD, FACC 
C. V. Reddy, MD 
Misericordia-Fordham Hospital 
Bronx, New York 
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I appreciate Dr. Gould's helpful criticism of our observa- 
tions on the effects of phentolamine therapy on cardiac 
performance in patients with acute myocardial infarction 
with initial normal pulmonary capillary wedge pressure. !-? 
Since publication, we have also observed occasional pa- 
tients who had increased stroke volume with decreased fill- 
ing pressure even when the initial filling pressure was 15 or 
16 mm Hg.^ These changes do not appear to be dose-relat- 
ed because we have used as small a dose as 0.1 mg/min. A 
| precise explanation of this variance remains unclear. How- 
ever, balance between the magnitude of (1) decrease in 
stroke volume due to decreased end-diastolic volume 
(Frank-Starling mechanism) and (2) increase in stroke vol- 
ume due to impedance reduction may play a significant 


role in any given patient in determining the net change in 
stroke volume during phentolamine infusion. Because of 
the curvilinear relation between left ventricular diastolic 
volume and pressure (diastolic compliance), actual changes 
in end-diastolic volume accompanied by changes in left 
ventricular filling pressures could not be determined in our 
study. Furthermore, since compliance characteristics may 
be altered in patients with acute infarction to various de- 
grees because of variations in size and age of infarct, the 
presence or absence of hypertension and old infarct, and 
other factors, changes in end-diastolic volume may differ in 
patients with similar degrees of change in left ventricular 
filling pressure. Therefore, various alterations in stroke 
volume may occur with decreases in left ventricular filling 
pressure of similar magnitude in different patients. I think 
this may explain some of the discrepancies in the results. 

From the practical point of view, in our experience few 
patients with normal filling pressure have a significant in- 
crease in stroke volume during phentolamine infusion. Fur- 
thermore, such therapy is rarely required in clinical prac- 
tice for management of patients with uncomplicated acute 
myocardial infarction. 


Kanu Chatterjee, MB, MRCP 

Department of Cardiology 

Cedars-Sinai Medical Center 

Los Angeles, California 
References 


1. Walinsky P, Chatterjee K, Forrester J, et al: Enhanced left ventricular performance 
with phentolamine in acute myocardial infarction. Am J Cardiol 33:37—41, 1974 

2. Gould L, Reddy CV, Kalanithi P, et al: Use of phentolamine in acute myocardial in- 
farction. Am Heart J, in press 

3. Gould L, Zahir M, Ettinger S: Phentolamine and cardiovascular performance. Br 
Heart J 31:154-162, 1969 

4. Chatterjee K, Parmley W, Ganz W, et al: Hemodynamic and metabolic responses to 
vasodilator therapy in acute myocardial infarction. Circulation 48:1183, 1973 


LEFT VENTRICULAR FUNCTION DURING ACUTE 
ISCHEMIA 


We read with interest the article by McLaurin et al.! 
concerning peak negative value of dP/dt as an index of left 
ventricular relaxation. We recently studied this and other 
indexes of left ventricular function during acute regional 
myocardial ischemia in conscious dogs. Our results con- 
firmed and to some extent amplified those of McLaurin 
and his colleagues. 

Left ventricular pressure, left atrial pressure and left 
ventricular internal diameter were studied in 10 dogs. The 
instrumentation for measuring left ventricular internal di- 
ameter consisted of sonomicrometer crystals implanted on 
the endocardial surface across the greatest left ventricular 
internal diameter.” In addition, an inflatable occluder was 
placed around the left circumflex coronary artery.? Ap- 
proximately 2 weeks after the animals recovered from oper- 
ation, the coronary artery was occluded for 1 minute. Our 
results showed that acute myocardial ischemia caused an 
immediate decrease in maximal negative dP/dt (Fig. 1). In 
our study, the end-systolic diameter (downward deflection 
of left ventricular internal diameter) became larger, and 
stroke volume was comparably reduced. The maximal rate 
of change of left ventricular internal diameter during dias- 
tole (upward deflection of left ventricular dD/dt) was also 
reduced. This change represented further evidence of im- 
paired ventricular relaxation during myocardial ischemia. 
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occlusion {first Occ.) of the left circumfiex coro- 
nary artery, during occlusion and immediately 
after the occlusion (occiusion released at sec- 
ond Occ.). The artery was occluded for 1 min- 
ute. The recordings (from top to bottom): of 
aortic blood flow (AF), stroke volume (SV), left 
ventricular pressure (LVP), left ventricular inter- 
nal diameter (LVID), mean left atrial pressure 
We e (MLAP), arterial pressure (AP), heart rate (HR), » 
Peso ee electrocardicgram (ECG), first derivative. of left 
see ventricular pressure (LV dP/dt) and first deriva- 
ees pM uu UM tive of left ventricular internal diarmeter (LV dO/ | 
2 ; eee v ue dt) The upward deflection of LV dD/dt repre- 
sents the maximal rate of change cf feft ventric- 
ular internal diameter during diastole. 
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In the absence of ischemia, left ventricular dD/dt increased 
as the mean left atrial pressure increased.* With temporary 
occlusion, this impairment in left ventricular relaxation 
was rapidly and completely reversible. 

The rapid reduction and restoration of compliance indi- 
cated that, at least initially, changes in compliance were re- 
lated to the direct effects of ischemia on the myocardium. 
As suggested by McLaurin et al., the reduced uptake of cal- 
cium by the sarcoplasmic reticulum offers an attractive ex- 
planation. 

Indeed, reduced calcium uptake by the sarcoplasmic re- 
ticulum after 60 to 90 minutes of coronary occlusion has 
been documented.^ The changes are reversible if coronary 
flow is restored within 90 minutes after occlusion. Two 
possibilities may account for the more rapid changes that 
McLaurin et al. reported and that we observed: (1) Lee et 
al. used sodium thiopental to anesthetize their animals, 
and barbiturates have been shown to stimulate the uptake 
of calcium by the sarcoplasmic reticulum®; therefore a 
protective effect may have been exerted. (2) The function- 
ing myocardium in the intact heart may be a more sensitive 
indication of aberrations in calcium uptake than the in 
vitro method used by Lee et al. 


Robert L. Kaspar, MD 

Scott and White Memorial Hospital 

Scott, Sherwood and Brindley Foundation 
Temple, Texas 


Vernon S. Bishop, PhD 

Department of Pharmacology 

University of Texas Health Science Center 
at San Antonio 

San Antonio, Texas 
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We are pleased that our clinical observations are supported 
by the animal studies of Kaspar and Bishop. We appreciate 
their generous remarks and the opportunity to further dis- 
cuss this intriguing subject. It is important to define crite- 
ria for deducing changes in ventricular compliance from 
observations of the diastolic pressure-volume relation of 
the entire left ventricle. Kaspar and Bishop found both left 
ventricular volume and filling pressure increased during 
ischemia. This change does not necessarily represent al- 
tered compliance but may reflect movement to a steeper 
portion of a single pressure-volume curve. In our study de- 
creases in compliance were deduced from the observation 
of a greater filling pressure at an apparently smaller vol- 
ume. Similarly, transient decreases in compliance can be 
deduced from data, such as those presented by Barry et 
al! in which the increment in filling pressure is excessive 
compared with the increment in filling volume. 

A second issue is that of regional versus global ischemia. 
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Certainly one would be on safer grounds using pressure- 
volume measurements to assess changes in compliance due 
to global ischemia than is the case in studies of regional 
ischemia. Although one would suspect that regional 
changes in compliance would affect total hemodynamic 
performance, thus leading to a reduction in negative dP/dt 
and “observed” compliance, this hypothesis has yet to be 
clearly established. A recent abstract reported a significant 
decrease in amplitude of peak negative dP/dt after occlu- 
sion of branches of.the left anterior descending coronary 
artery in dogs.” This change was of greater magnitude than 
the minor decrease in peak positive dP/dt and was more 
pronounced as the area of ischemia increased. 

We have performed some studies in the isolated perfused 
rabbit interventricular septum and have observed equiva- 
lent decreases in both positive and negative dP/dt during 
hypoxia. These data, similar to those of Kaspar and Bish- 
op, differ from the observations in our previously reported 
clinical study. In that study negative dP/dt decreased 
whereas positive dP/dt remained stable in the presence of 
ischemia, thus suggesting selective impairment of relaxa- 
tion with dissociation of the contractile and relaxation pro- 
cesses. This dissimilarity may be related to differences in 
species (human, dog and rabbit) or in experimental model 
(hypoxia versus ischemia). In the face of these differences, 
we are cautious in making assumptions about myocardial 
ischemia and its relation to myocardial relaxation or com- 
pliance. We consider this to be a fertile area of investiga- 
tion and believe that negative dP/dt as an index of relaxa- 
tion deserves further study. 

Lee et al.,? using an assay method that employed oxalate 
or inorganic phosphate, found reduced Ca?* uptake by car- 
diac microsomal particles after prolonged ischemia. A more 
rapid initial phase of Ca?* sequestration, reversible Ca?* 
binding, has been found to occur with a velocity and extent 
that would account for myocardial relaxation.*^ There is 
incomplete agreement concerning the correspondence be- 
tween in vitro measurements of Ca?* binding or Ca?* up- 
take by cardiac microsomes with Ca?* sequestration in 
vivo. If the Ca?* binding process is more analogous to in 
vivo Ca?* sequestration, this may be a third reason (in ad- 
dition to the two proposed by Kaspar and Bishop) for the 
temporal differences between the onset of hemodynamic 
changes in our study and the onset of biochemical changes 
observed by Lee et al. 


Lambert P. McLaurin, MD 
Department of Medicine 

North Carolina Memorial Hospital 
Chapel Hill, North Carolina 


Ellis L. Rolett, MD 

William Grossman, MD 
Department of Medicine 

The University of North Carolina 
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MITRAL VALVE CLOSURE AND FIRST HEART SOUND 


We disagree with the implication by Parisi and Milton' 
that mitral valve closure is not responsible for the first 
heart sound (S;). 

Normal mitral valve closure, unlike the closure of a door 
within a rigid frame or closure of a prosthetic valve, is a 
fluid and continuous movement; the leaflets contact one 
another near their leading edges, after which the area of 
leaflet coaptation spreads toward the basal attachments as 
both leaflets are propelled toward the left atrium until re- 
strained by their own chordal support and limited elastici- 
ty. It is not valid to state that the valve is “closed” during a 
single selected point in time. Our cineangiographic studies” 
" have demonstrated that valve closure takes 0.03 to 0.08 sec- 
ond. Our echocardiographic studies? have indicated a close 
correlation of S, with sharp termination of posterior systol- 
ic excursion of the anterior leaflet (C point), thus suggest- 
ing that it is the abrupt checking of the posterior excursion 
that causes the major "mitral" component of this sound. 

Parisi and Milton found that the echocardiographic C 
point, which they define as the first point of coaptation of 
the leaflets, occurs before the mitral component of S1. They 
imply that this finding, together with the studies of Lui- 
sada et al. in dogs, disproves the "still widely taught" doc- 
trine that mitral valve closure is responsible for the first 
high-frequency component of Sı. Several comments are in 
order. 

First, the echocardiographic tracings of the mitral leaf- 
lets (see their Fig. 2) are wide when compared with the 
phonocardiographic tracings. Where two broadly drawn 
lines meet, one must be somewhat arbitrary in choosing the 
point used to make measurements. One can obviously se- 
lect the point where the leading edges meet, the point 
where the trailing edges meet, or the mid-point. Parisi and 
Milton chose to measure from the extreme trailing edge of 
the echoeardiographic tracings, thus minimizing the Q-C 
interval and maximizing the C-S interval. 

Second, even if it were accepted that S, occurs after the 
initial coaptation, it does not follow that this sound cannot 
be generated by mitral closure. On the contrary, if the first 
high-frequency component of S, is produced by the abrupt 
“checking” that occurs when the mitral leaflets reach the 
limit of their closing posterior movement, one would expect 
- 8, to occur very shortly after the initial coaptation of the 
leaflets, not simultaneously. 

Third, in the study of Laniado et al.* it is clear that the 
crossing point of left atrial and left ventricular pressure 
pulses occurs before mitral closure, rendering this point a 
very poor indicator of mitral valve closure. 


Marshall T. Morgan, MD 

J. Michael Criley, MD, FACC 

Los Angeles County Harbor General Hospital 
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We concur with the concept of mitral valve closure as a 
continuous process. Our study indicated that initial coap- 


tation, the first part of this process, was not synchronous 
with, but preceded, the first heart sound. We also agree 
that S4 often coincides with termination of posterior systol- 
ic excursion of the anterior leaflet—an event that initial 
eoaptation precedes. As perusal of published mitral echo- 
grams will prove, the limit of postericr systolic excursion is 
often not sharp! and, if not seen with the posterior leaflet, 
is not necessarily even recorded from a coapted portion of 
the mitral apparatus. 

The comments about the thickness of the mitral valve 
echo are particularly in order. The mitral leaflets are nodu- 
lar? at their free edges, as well as irregular and fasciculated 
by chordal insertions on their ventricular surface. Since the 
leaflets are not universally paper thin near their edges one 
should not always expec: fine lines in echocardiographic re- 
cordings. Observations in mitral valve stenosis led us to 
conclude that the thickness of the leaflet recording relates 
to the thickness of the mitral valve leaflet. If one considers 
the echocardiographic display as an accurate representa- 
tion of leaflet anatomy, the initial junction point (trailing 
edge) is the point most likely to represent initial coapta- 
tion. The fundamental question is, What is the lower limit 
of resolution and what is the amount of distortion involved 
in echocardiographic systems currently in use? 

Finally, all studies of mitral valve closure are limited by 
the subjects and systems used. Normal canine,? normal 
human? and stenotic human mitral valves* do not necessar- 
ily behave similarly. Cineangiographic techniques at 60 
frames/sec?^ involve sampling every 16 msec, which is 
clearly a more discontinuous process than echocardio- 
graphic sampling every msec. The former technique is also 
complicated by synchronization problems when recordings 
of acoustic and mechanical events are interrelated. Since 
echocardiography involves reasonable accuracy in defini- 
tion of linear dimensions and an extremely high rate of 
sampling we believe that it currently represents the best 
means to study the details of mitral valve closure in normal 
man. 

We thank Morgan and Criley for their constructive com- 
ments, which emphasize that the stady of the relation of 
mitral valve closure to S, is not as simple as it first appears. 


Alfred F. Parisi, MD, FACC 
Bernard G. Milton, MD 

Veterans Administration Hospital 
Baltimcre, Maryland 
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SECOND DEGREE A-V BLOCK 


We commend Barold and Friedberg for their extensive re- 
view of second degree atrioventricular (A-V) block in a re- 
cent editorial in this Journal. Several important points 
were made, with which we agree: (1) The examination of 
electrocardiographic reeords in second degree A-V block 
should focus on a comparison of the difference or lack of 
difference between the P-R intervals before and after a, 
single blocked beat rather than on the changes or lack of 
such in the P-R intervals before the blocked beat. (2) De- 
pressed conduction is the common denominator in second 
degree A-V block. “In the A-V node the increments of con- 
duction are usually large and recognizable on a convention- 


al electrocardiogram. In the His-Purkinje system, the in- 
crements are often very small and may be detectable only 
_ with special recording techniques." 

The area of disagreement arises from the statement “the 
old concept of two types of A-V block has emerged un- 
scathed.” The editorial conveys the impression that the 
present classification of second degree A-V block only re- 
quires “stricter definition," and it does not emphasize the 
need for a clear understanding of the basic electrophysio- 
logic mechanisms involved. Even within the limited scope 
of definitions, it is difficult to appreciate the authors’ defi- 
nition of type I A-V block as “intermittent failure of A-V 
conduction of a single beat (known not to be of type II) as- 
sociated with inconstant A-V conduction times.” As the 
authors admit, “There will, of course, be cases in which the 
distinction (between types I and II) cannot be made confi- 
dently; these cases should not be classified until more evi- 
dence is available." 

We have recently utilized an experimental model for 
study of A-V conduction disorders after ligation of the an- 
terior septal artery in the dog.? Ligation of the artery caus- 
es ischemic injury of the proximal His-Purkinje system. 
The experimental model offers a unique opportunity to an- 
alyze the evolution of second degree A-V block and allows 
correlative in vivo and in vitro studies.?-7 Several lines of 
evidence have accumulated during these studies to suggest 
that the so-called Mobitz type II and the Wenckebach type 
of second degree A-V block represent different degrees of 
the same conduction disorder rather than two different 
types of pathophysiologic processes. Both the in vivo and in 
vitro studies have consistently shown that there was an in- 
crement of conduction delay preceding the blocked impulse 
in second degree A-V block. The increment may be as 
small as 1 or 2 msec at the early stage of second degree A-V 
block and can gradually increase up to 200 msec. These 
studies have also demonstrated a clear propensity for the 
ischemic proximal His-Purkinje system to manifest parox- 
ysmal A-V block during the early stage of second degree 
A-V block with minimal increment of conduction delay. 

Certainly the clinical observations made by early electro- 
cardiographers, especially the relation between Mobitz 
type II and Stokes-Adams attacks,® are still pertinent. 
However, new concepts based on a clear understanding of 
the underlying pathophysiology of second degree A-V 
block can only promote better clinical judgment in the di- 
agnosis and treatment of cardiac conduction disorders. 


Nabil El-Sherif, MD 
Benjamin J. Scherlag, PhD 
Ralph Lazzara, MD 

Mount Sinai Medical Center 
Miami Beach, Florida 
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We thank El-Sherif, Scherlag and Lazzara for their com- 
ments and the opportunity to reemphasize some of the 
points in our editorial. 

In the vast majority of cases, therapeutic decisions are 
based upon conventional electrocardiographic records. Is 
there, then, any value in retaining the classification of two 
types of second degree atrioventricular (A-V) block or does 
every case need intracavitary studies? We think there is 
value in the old system although the issue has been clouded 
by some authors. Type II A-V block as we have defined it 
means subnodal disease. No similar correlation can be 
made for type I, although one can say that those cases with 
the least variability of conduction time are most likely to 
be subnodal. Should we all speed up our paper drives to 
200 mm/sec or more to pick up the tiny increments in con- 
duction time? Unfortunately, the onset of the P wave is so 
subtle that we could not measure the 1 or 2 msec incre- 
ments. Even if we could, it would serve no clinical purpose; 
for all practical purposes, tiny increments in conduction 
time imply subnodal disease. That some cases are not easi- 
ly classified is not an admission of weakness of our argu- 
ments but simply a reflection of the complexity of nature. 

The work of the Miami group on septal arterial ligation 
should be of great interest. These workers will not, we are 
sure, fall into the trap of undue extrapolation from their 
model to the majority of cases of clinical second degree A— 
V block. It is quite conceivable that an infarction with its 
surrounding injury and ischemia may affect conduction 
somewhat differently from the multifocal patches seen in 
Lenegre's disease. We would have included the studies 
from the Miami group in our review but unfortunately 
none were published in full at the time the editorial was 
written. 

The work of El-Sherif and his colleagues, indicates, how- 
ever, that the pattern of type II block may in the majority 
of cases be an artifact related to the limitations of record- 
ing equipment. These workers rightfully question the value 
of using a pattern (type II A-V block) to describe an impor- 
tant electrophysiologic mechanism. Decremental conduc- 
tion may well be the common denominator of second de- 
gree block, but clinically the classification of second degree 
A-V block into types I and II patterns is still useful and 
should not be abandoned too lightly at this stage. 

S. Serge Barold, MB, FRACP, FACC 
The Genesee Hospital 

Rochester, New York 

H. David Friedberg, MD, FACC 

St. Luke's Hospital 

Milwaukee, Wisconsin 
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ADVANCED ELECTROCARDIOLOGY, Volume |, second edi- 
- tion, by G. L. Lempert. Baden-Baden, West Germany, Ger- 
hard Witzstrock, 1973, 390 pages, DM 96 


This unusual compilation of references with comments, 
usually brief, is the. first of two volumes that together will 
make up the fourth part of a didactic pentalogy on electro- 
cardiology by the same author. The present volume is in 
English, and presumably the second will be too. Curiously, 
the first three parts of the pentalogy were in Lettish, Rus- 
sian and German, respectively; the fifth part, to be pub- 
lished, will be in German and English. 

The title is misleading, for there is nothing in the book 
other than abstract-like discussions of the literature of the 
last decade arranged under standard topical headings. The 
author uses an original method of making citations which 
he calls Brevindex; it amounts to giving the year, journal, 
volume and page, but the journal is indicated by an arabic 
'number and a letter revealing the national language used in 
the article. The name of the journal is indicated under that 
letter and number at the back of the book in a list of peri- 
odicals 12 pages long. There is also in the back a list of 
monographs arranged by language. Undoubtedly the sys- 
tem has favorable attributes, but one shortcoming is the 
- difficulty of finding an article if only the author is known. 

The advanced electrocardiologist, for whom the book 
was written, will have some use for the book as a reference 
source, especially to the international literature in electro- 
cardiography, but he will find the author's brief reportorial 
handling of each citation of limited value. 

Charles E. Kossmann, MD, FACC 
Memphis, Tennessee 


THE PATHOLOGY OF THE HEART, by E. G. J. Olsen, MD, 
New York, Medical Book Corp., 1973, 224 pages, $22.50 


A beautifully written, condensed text, this book briefly 
summarizes the anatomic and pathologic features of the 
heart. It is a *Readers Digest" version of the typical 1,000 
page text on the heart; everything is present but contained 
in short descriptive phrases, thus reducing the volume's 
size to 20 percent of normal. In the section on the normal 
heart, the conducting system is described in less than one 
page, which will be sufficient for the majority of readers; 
for more details, one of the classic texts on the heart 
should. of course, be available. The discussion of myocardi- 
tis, in chapter 8, has been reduced to 13 pages compared 
with the 45 in a classic text on cardiac pathology. 

Classic, terse descriptions of disease include three short 
paragraphs on dissecting aneurysm of the aorta with two 
good references to American publications from 1969 and 
1972 concerning therapy and one on the pathology of the 
associated lesion of Marfan's disease from a good review ar- 
ticle of 1971. Quoted references are predominantly from 
American and, to a lesser degree, British publications, and 
most of the cited works are readily available in the average 
hospital medical library. 

Many of the gross and microscopic black and white pho- 
tographs occupying half of approximately every other page 
added little to the volume; by eliminating the less informa- 
tive photographs and condensing the size of others, it 


would have been possible to reduce the text still further in 
quantity without sacrifice of quality. 

As a pathologist, I thoroughly enjoyed the book; it is per- 
fect for every student in pathology, general medicine or 
cardiology and should be the first available text (almost 
pocket-sized) for all in matters of cardiac pathology. 


William C. Schraft, Jr., MD 
New Rochelle, New York 


BALLISTOCARDIOGRAPHY: RESEARCH AND COMPUTER 
DIAGNOSIS, edited by Ernst K. Franke. Basel, Switzerland, 
S. Karger, 1973, 119 pages, $15.50 


The 16 essays presented in this neat booklet with 60 well 
printed illustrations were taken from a symposium held in 
April 1972. There is a brief preface by the editor, but no 
discussion among the 13 leaders in this exotic field of re- 
search. Four of their essays concern instrumentation; two 
discuss models simulating the human cardiovascular sys- 
tem; nine examine the effects of disease, drugs or exercise; 
and one compares the records from a 27 g mouse, a 70 kg 
man and a 4,000 kg whale. 

The illustrations on the cover and the first two papers 
demonstrate that records made with ultralow frequency 
platforms and accelerometers must pass through comput- 
ers to eliminate noise and distortion. Since the recording 
system is costly and bulky, the present state of this tech- 
nique is clinically useless. 

The word ballistocardiography was introduced 60 years 
after the first description of the method. It -was used to in- 
dicate that the technique permitted determination of the 
stroke volume of left ventricular ejection, and it is so de- 
fined in medical and lay dictionaries. It is now interpreted 
as a method of estimating the weakness or incoordination 
of left ventricular contraction. The force of the left ventri. 
cle is expended mainly (more than 90 percent) on overcom- 
ing systemic arterial resistance, and the seismocardiac forc- 
es are due to kinetic energy, to which the right ventricle 
makes a larger contribution. It moves the same volume of 
blood, but against only one-fifth as great arterial resis- 
tance. Since 1950 it has been known that the lateral vector 
of systolic force, like the axis of right ventricular ejection, is 
leftward and that the svstolic force decreases in expiration, 
as does right ventricular ejection. The force of left ventric- 
ular ejection can be deduced from the systemic arterial 
blood pressure and the carotid pulse curves, but not from 
the records of head-foot acceleration. 

When seismocardiac forces are recorded in three axes, 
they vary in pattern and force from one subject to another, 
as do electrical forces recorded in vectorcardiograms. Had 
Einthoven and his followers used lead II alone, electrocar- 
diography today would be used only to detect arrhythmias. 
It would give no hint of ventricular hypertrophy, ischemia 
or infarction. Triaxial high frequency recording from sim- 
ple devices can provide useful information on the dynamic 
forces transmitted to the body during systole and diastole. 
Only such records will justify editor Franke's prefatory re- 
marks on the easy application and proved prognostic sensi- 
tivity of methods to record the shaking of the body by the 
heart. 

William Dock, MD, FACC 
New York, New York 
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ANGIOCARDIOGRAPHY 


Functional evaluation of the hypertrophied heart in 
man. Dodge HT, et al. 
Circ Res 35:Suppl:122-7, Aug 74 (13 ref.) 


ANTIHYPERTENSIVE AGENTS 


Prostaglandins and the renal antihypertensive and 
natriuretic endocrine function. Lee JB. 
Recent Prog Horm Res 30:481-532, 1974 (108 ref.) 


AORTA 


Intraaortic balloon counterpulsation. A review of 
Physiological principles, clinical results, and device 
safety. Weber KT, et al. 

Ann Thorac Surg 17:602-36, Jun 74 (77 ref.) 


ARRHYTHMIA 


Intraventricular aberrancy versus ventricular ectopy. 
Massumi RA, et al. 

Cardiovasc Clin 5:35-86, 1973 (18 ref.) 
Electrophysiologic basis of cardiac arrhythmias and 
conduction disturbances. Myerburg RJ, et al. 
Cardiovasc Clin 5:1-19, 1973 (34 ref.) 

Cardiac arrhythmias during and after heart surgery: 
diagnosis and management. Angelini P, et al. 
Prog Cardiovasc Dis 16:469-95, Mar-Apr 74 (188 ref.) 


ARTERIOSCLEROSIS 


Ascorbate--cholesterol--lecithin interactions: factors 
of potential importance in the pathogenesis of 
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Am J Clin Nutr 27:866-76, Aug 74 (77 ref.) 
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safety. Weber KT, et al 

Ann Thorac Surg 17:602-36, Jun 74 (77 ref.) 


AURICULAR FIBRILLATION 


Cardiac vulnerability. Surawicz B, et al 
Cardiovasc Clin 5:159-81, 1973 (32 ref.) 


BLOOD CIRCULATION 


The influence of radiation on blood vessels and 
cireulation. XI. Blood flow and permeability after 
whole body irradiation. Dunjic A. 

Curr Top Radiat Res 10:170-84, Jun 74 (32 ref.) 
The influence of radiation on blood vessels and 
circulation. Chapter II. Cell viability of the vessel 
wall. Reinhold HS. 

Curr Top Radiat Res 10:9-28, Jun 74 (50 ref.) 


BLOOD PRESSURE 


Prostaglandins and the renal antihypertensive and 
natriuretic endocrine function. Lee JB. 
Recent Prog Horm Res 30:481-532, 1974 (108 ref.) 
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The current status of vena caval replacement. Scherck 
JP, et al. Surgery 76:209-33, Aug 74 (176 ref.) 


BLOOD VESSELS 


The influence of radiation on blood vessels and 
circulation. Chapter V. Noncellular factors. Jovanovic 
D. Curr Top Radiat Res 10:75-84, Jun 74 (30 ref.) 

The influence of radiation on blood vessels and 
circulation. Chapter 3. Ultrastructure of the vessel 


wall. Maisin JR. 

Curr Top Radiat Res 10:29-57, Jun 74 (62 ref.) 
The influence of radiation on blood vessels and 
circulation. Chapter IV. Structural changes in blood 
vessels. Reinhold HS. 

Curr Top Radiat Res 10:58-74, Jun 74 (32 ref.) 
The influence of radiation on blood vessels and 
circulation. Chapter II. Cell viability of the vessel 
wall. Reinhold HS. 

Curr Top Radiat Res 10:9-28, Jun 74 (50 ref.) 
The current status of vena caval replacement. Scherck 
JP, et al. Surgery 76:209-33, Aug 74 (176 ref.) 


COLLATERAL CIRCULATION 


Coronary collateral circulation. Cosby RS, et al. 
Chest 66:27-31, Jul 74 (18 ref.) 


CORONARY DISEASE 


The apexcardiogram in the diagnosis of caronary artery 
disease: a review. Hutchinson RG. 
Angiology 25:381-5, Jun 74 (16 ref.) 

Coronary collateral circulation. Cosby RS, et al. 
Chest 66:27-31, Jul 74 (18 ref.) 

Dietary fat and coronary heart disease: A review. I. Diet 
in the prevention of coronary heart disease and some 
Pathogenetic aspects. Med J Aust 1:575-9, 13 Apr 74 

Precursors of coronary arteriosclerosis in the pediatric 
and young adult age groups. Neufeld HN. 
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* Citations obtained from the National Library of Medicine’s MEDLARS Retrieval Program—Bibliogra- 
phy of Medical Reviews. The first of these Bibliographies, and an explanatory editorial, appeared in 
the September 1971 issue (Am J Cardiol 28: 366-367, 1971). 


eee eee -——2 -ea — - = - - . a a ee m D 
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Circ Res 35:Suppl:83-96, Aug 74 (67 ref.) 
Prospects and predictions for the cardiomyopathies. 
Goodwin JF. Circulation 50:210-9, Aug 74 (32 ref.) 


HEART FUNCTION TESTS 


Noninvasive methods of measuring myocardial 
contractility. Levitsky S, et al. 
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AMERICAN COLLEGE OF CARDIOLOGY NEWS 


President's Page 


Heart House: A Progress Report 


It is October 3, 1974. The Executive 
Committee of the College will meet to- 
morrow in Chicago ... The Board of 
Trustees of the College will meet the 
following day. They will be told that: 


On September 16 the architects, 
Perkins & Will Partnership, completed 
the working documents needed for 
Heart House to go out to bid. The 
College has the next 30 days to thor- 
oughly review these documents and 
drawings. 

The application to the Montgomery 
County, Maryland Zoning Board of 
Appeals for permission to build a sci- 
entific headquarters and education 
facility in an area zoned residential is 
complete, and sewer facility excep- 
tions have been granted. We have 
every reason to believe we will re- 
ceive the zoning exception approval 
within the next few weeks . . . say by 
November 4, 1974. Barring any chal- 
lenge to the zoning clearance (which 
must be made within 30 days of 
Board approval), we expect to go out 
for bid by early November and to 
break ground in December 1974. 
There is, however, one neighbor 
whose attitudes deviate from those of 
the rest of our friendly neighbors. He 
might challenge the Board ruling, 
which he has the right to do. All indi- 
cations suggest that his challenge 
would not be successful, but it could 
be troublesome and a bit expensive. 
Such a challenge would delay the 
timetable by as much as 4 or 5 
months and we could not go out for 
bid or break ground until March or 
April 1975. 

As of September 16, 1974, the 
cash and pledges in hand amounted 
to $2,324,145. This represents 46.5 
percent of the $5 million needed to 
build and equip Heart House. Further- 
more, it represents 33.2 percent of 
the total campaign goal of $7 million, 
which includes the much needed $2 
million endowment fund. 

As of September 1973, we had 
about $850,000. During the last year, 
under the leadership of Dr. Dwight 
Harken, we raised $1.5 million of new 


money. This was accomplished de- 
spite the Middle East war and the 
rather drastic changes in the national 
economy. For our campaign to be 
successful and on schedule we have 
to raise $1.5 million of new money by 

September 1975, and the balance 

over the next year. 

The membership as of September 

16, 1974, had contributed only 

$470,392.29. We anticipate that the 

membership should contribute $1.5 
million. 

This is the report that was reviewed 
and seriously considered by the Execu- 
tive Committee and by the Board of 
Trustees in early October 1974. They 
received a copy of this letter to read be- 
cause October 5th became a point of 
no return. On October 5th, if the Board 
of Trustees thought that Heart House 
was ill conceived or that it did not have 
the support of the membership of the 
American College of Cardiology, then 
we might gracefully ''pull out.” But if the 
Board believed that the future growth of 
the College can best be nourished by 
the concepts embraced by the plans for 
Heart House, then you, the membership 
of the College, would be committed to 
the obligation outlined. That this page is 
published serves to indicate the Board's 
commitment. 

Why did the Board assume responsi- 
bilities of this magnitude in the face of 
an unstable economy? The Board be- 
lieves, as | do, that Heart House is not 
to be just an office to house the head- 
quarters and administrative functions of 
the College. Heart House is to be a 
learning center. It is to be the hub of 
cardiovascular continuing education for 
American medicine. 

As you know, there will be a Class- 
room for 60 students with comfortable 
seats equipped with stethophones, 
monitors for easy viewing of physiologic 
data and other parameters and termi- 
nals for student response systems. The 
seats will be located so as to afford 
easy viewing of patients and other dem- 





onstrations and easy informal communi- 
cation with the instructor. The Class- 
room will be able to accommodate up 
to 120 students for more formal presen- 
tations. The Classroom is designed to 
be a laboratory in which to carry out re- 
search in learning how busy physicians 
learn. There will be a library with current 
journals and texts and ready access to 
the National Library of Medicine and the 
facilities of the proposed Lister Hill Cen- 
ter for Medical Communication. In fact, 
Heart House might be considered an 
outreach of an entrance to these institu- 
tions as well as the National Institutes of 
Health and the Federal Medical School 
to be constructed shortly on the cam- 
pus of the U. S. Naval Hospital in Be- 
thesda. Heart House will be within a 1 
mile radius of these facilities. 

There will be individual study carrels 
where the student can study, at his own 
pace, prepared materials on all aspects 
of cardiology. In addition, there will be 
six conference rooms that will permit in- 
formal workshops or seminars. Heart 
House will have capabilities for closed 
circuit television and planning and pro- 
duction of video teaching aids, self-as- 
sessment examinations, and the like. 

Heart House will become the center 
for activities to identify what is impor- 
tant for the practicing cardiologist to 
learn, how he can best learn and how 
he can retain and use what he learns. 

It is obvious that if the Learning Cen- 
ter can accommodate only 120 stu- 
dents at most, and if it is located in Be- 
thesda, it will take many years to ac- 
commodate all the members and the 
friends of the College. It might appear, 
therefore, to offer little to the members 
in Florida, Texas, lowa, Washington and 
other states. 

But the Learning Center is just that. It 
is a center where the major emphasis is 
to be on learning. It is planned that we 
will have programs for members and 
other physicians to help with their 
teaching as well as learning techniques. 


COLLEGE NEWS 


The thoughtful physician knows that the 
best way to learn is to teach. The cen- 
ter will develop techniques for programs 
that can be presented in Texas, lowa, 
Washington State and Florida—pro- 
grams that have been tested to see if 
they facilitate learning. Heart House will 
be a learning center for catalyzing 
learning of cardiology throughout the 
country. 

One might ask, Is this function not 
carried out by the medical schools? The 
answer is a guarded “Yes, but." The 
medical schools have limited facilities; 
they have limited personnel compared 
with the membership of the American 
College of Cardiology. The College can 
claim faculty members from 114 medi- 
cal schools; more important, it has 
enormous input from practicing cardiol- 
ogists, cardiovascular surgeons and 
other specialists. Thus, the program, 
the learning, will be more relevant to 
patient care. But the College will con- 
tinue to conduct its 2 to 5 day programs 
throughout the country in conjunction 
with medical schools and teaching cen- 
ters as in the past. As a result of what 
has been presented at the Learning 
Center, these programs will be better. 
The Learning Center then is a center in 
which research in how to learn will be a 
major emphasis. 

Being located near Washington, D. C. 
and the capitol, Heart House will have a 
profound effect on national planning for 
health, not just for cardiology, but for 
the whole field of medicine. It will be- 
come a home for the successful Be- 
thesda Conferences that have been 


conducted in the past by the College 
and have had a major impact on a num- 
ber of aspects of medicine. 

For these and other reasons, the 
Board of Trustees are enthusiastic sup- 
porters of Heart House. They have as- 
sumed the responsibilities outlined on 
your behalf. They believe, as | do, that 
Heart House is a necessity. They have 
made a personal commitment to see it 
through. 

But the Board of Trustees needs your 
help. We have a long way to go. We are 
attempting to enroll 400 members into 
the Order of William Harvey. As of Sep- 
tember 16, 1974, we have 61 members 
of the Order. A member of the Order 
pledges, in addition to his previous per- 
sonal pledge, to raise $4,000 from pa- 
tients, other fellows, other members of 
the College, industry, foundations or 
other sources. We have developed a 
special packet of information that con- 
tains pledge cards, literature about the 
purpose of Heart House, as well as a 
small plaque describing the program for 
the office waiting room. The members 
of the Order of William Harvey will be 
recognized on a special plaque in Heart 
House. They will receive a certificate 
suitable for framing. Members of the 
Order of William Harvey will have dis- 
tinctive name badges at the Annual 
Meeting in Houston. Will you not give 
serious thought to becoming a member 
of the Order? A pledge card is attached 
in this Journal for convenient use. 

If you do not wish to assume the 
responsibilities of membership in the 
Order of William Harvey, then we en- 


courage you to consider becoming a 
Founder and pledging $1,000 to be paid 
over 3 years, or better still, becoming a 
Benefactor. A Benefactor pledges 
$3,000 over a 3 year period. This repre- — 
sents only $1 a day, or $3 a day, re- 
spectively. 

Finally, why is the Board so con- 
cerned about Heart House becoming a 
reality? Why should you be concerned? 
It is obvious that continuing education is 
a must for the busy practitioner. Self- 
assessment examinations and certifica- 
tion examinations will become a way of 
life. The Board of Medical Specialists 
has recently indicated that voluntary pe- 
riodic recertification examinations have 
been formally approved by 19 of 22 
specialty boards. One board, the Ameri- 
can Board of Family Practice, has made 
periodic recertification mandatory. 
Thus, we cannot escape any longer de- 
mands of the public for evidence of 
continuing education and competence 
in patient care. Those who do nct have 
boards should not fear if they continue 
to learn and keep up. Heart House will 
ensure that self-assessment examina- 
tion techniques will be available for non- 
certified physicians, as well as ensuring 
easy progress for recertification for 
those who have been certified in the 
past. 

Thus, Heart House is not only desir- 
able, it is a personal necessity for all of 
us who care for patients. 


Henry D. Mcintosh, MD, FACC 
President 
American College of Cardiology 
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Calendar of Continuing Medical Education Programs 


The National Committee for Continuing 
Medical Education, William Likoff, MD, 
FACC, Chairman, announces the following 
calendar of programs. 


Each program is designed to enlarge 
knowledge and clarify the endlessly chang- 
ing frontiers which mark scientific achieve- 
ments in the recognition and treatment of 
cardiovascular disease. Although the discip- 
lined objective of each program as well as 


Programs and faculty are subject to change. For further information write Mary Anne Mcinerny, Director, Department of Continuing Education — 


its content, format and faculty are primarily 
determined by the Program Director, the Na- 
tional Committee for Continuing Medical Ed- 
ucation always exercises the prerogative of 
final review and approval, whether the pro- 
gram is sponsored solely by the College or 
in collaboration with universities, colleges, 
hospitals and various other professional so- 
cieties. 

Subject matter reflects national interest 
and needs in the fields of patient care, re- 


Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


search and teaching. The program struc- 
tures vary in method of education. 


The National Committee for Continuing - 
Medical Education in the College earnestly ` 


solicits the interest of member and non- 
member physicians alike in continuing edu- 
cation for the clear reason that participation 
provides a unique opportunity to deepen 
one's understanding of heart disease, the 
most formidable and challenging health 
problem of our time. 





1974 

To be Preceptorships in Cardiology. 

arranged Arthur Selzer, FACC, director. 

individually Pacific Medical Center, San 
Francisco, Calif. 

To be Cardiology and the Problem 

arranged Oriented System: A Precep- 

individually — torship in the Practical Use of 
the System. J. Willis Hurst. 
FACC, director. Emory Univer- 
sity School of Medicine, Atlan- 
ta, Ga. 

DEC. Advances in Heart Disease 

5-7 1975. Dean T. Mason, FACC, 
director. Fairmont Hotel, San 
Francisco, Calif. 

DEC. Core Curriculum: Clinico- 

5-8 Pathologic Correlations in 
Cardiovascular Disease. Wil- 
liam C. Roberts, FACC, direc- 
tor. Williamsburg Conference 
Center, Williamsburg, Va. 

DEC. Colloquia in  J Cardiology — 

11 Number 7: Echocardiography. 

3 Robert W. Oblath, FACC, Ron- 

ald Danzig, FACC and Sam H. 
Stone, FACC, directors. Am- 
bassador Hotel, Los Angeles, 
Calif. 

DEC. The Eliot Corday Symposium: 

13-15 Cardiovascular Problems: Per- 


spectives and Progress. Henry 
|. Russek, FACC, director. New 
York Hilton Hotel, New York, 
N.Y. 


1975 


JAN. 
12-14 


Cardiologic Debates. John H. 
Vogel, FACC, director and Bruce 
C. Paton, FACC and James S. 
Forrester, co-directors. Opticon 
Theater, | Snowmass-at-Aspen, 
Aspen, Colo. 


FEB. 
10-13 


Twenty-Fourth Annual Scientific 
Session. Henry D. Mcintosh, 
FACC, director. Albert Thomas 
Convention and Exhibit Complex, 
Houston, Texas. 


MAR. 
6-8 


Cardiovascular Disease— 
1975: Practical Diagnosis 
and Management. John Ross, 
Jr., FACC, Robert A. 
O' Rourke, FACC and Richard 
A. Carleton, FACC, direc- 
tors. Sheraton Harbor Island 
Hotel, San Diego, Calif. 


Core Curriculum: Cardiovas- 
cular Physiology: Clinical - 
Utilization of Invasive and 
Non-Invasive Measurements. 
James S. Forrester, director 
and H. J. C. Swan, FACC, 
co-director. Cedars of Leba- 
non Hospital, Los Angeles, 
Calif. 


MAR. 
13-14 


MAR. 
17-20 


Core Curriculum: Pediatric 
Echocardiography. Richard 
A. Meyer, director and Sam- 
uel Kaplan, FACC, co-direc- 
tor. The Children's Hospital, 
Children's Hospital Medical 
Center, Cincinnati, Ohio. 


MAR. 
24-26 


Electrocardiographic Inter- 
pretation of Arrhythmias: A 
Physiological Approach. 
Charles Fisch, FACC, di- 
rector. Indiana University 
Medical Center, Indianapolis, 
Ind. 


APR. 
7-16 


Cardiology for the Consultant: 
A Clinician's Retreat. E. Grey 
Dimond, FACC, director. Ran- 
cho Santa Fe Inn, Rancho 
Santa Fe, Calif. 


Consultant's Course in Cardi- 
ology. Simon Dack, FACC, di- 
rector. Richard Gorlin, FACC, 
Michael V. Herman, FACC and 
Louis E. Teichholz, co-direc- 
tors. Mount Sinai Medical Cen- 
ter, New York, N.Y. 


APR. 
14-18 


APR. 
16-18 


Echocardiography in Its Clini- 
cal Setting. Joseph K. Perloff, 
FACC, Nathaniel Reichek, and 
Morris N. Kotler, FACC, direc- 
tors. Hospital of the University 
of Pennsylvania, Philadelphia, 
Pa. 


APR. 
22-24 


Optimal Standards of Care in 
Cardiac Emergencies. Albert 
N. Brest, FACC, director. Jef- 
ferson Medical College of 
Thomas Jefferson University, 
Philadelphia, Pa. 


Core Curriculum: Vectorcardi- 
ography: A Basic Workshop. 
Alberto Benchimol, FACC, di- 
2 rector. Scottsdale Hilton Hotel, 
Scottsdale, Ariz. 
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and juxtaposition of atrial appendages, 240 
with ruptured aneurysm of anomalous left subclavian artery, 
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Bjork-Shiley, thrombosis on, 538 
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replacement, and length of left main coronary artery, 787 
rupture of, and traumatic and vegetative aortic bacterial endocar- 
ditis, 845 
Aorticopulmonary septal defect and interrupted aortic arch, 356 
Apex cardiogram 
and mic-diastolic mitral valve closure, 367 
for assessing left ventricular performance, 111 
Arrhythmias 
and sudden unexpected death in children, 89 
atrial, left ventricular blood flow velocity during, 27 1 
blind defibrillation for, 115 
during aortocoronary graft opacification, atrial pacing to prevent, 
19 
model of, for studying antiarrhythmic drugs, 35 
ventricular 
and psychological stress in experimental myocardial infarction, 
692 
in acute myocardial infaretion, 667 
persistent, and lidocaine resistance, 342 
(see also Antiarrhythmic agents) 
Arterial disease, generalized, with angina pectoris in adolescent girl, 
376 
Arteriograms, normal coronary 
and angina pectoris, 618 
and left ventricular aneurysm, 658 
(see also Angiogram) 
Arteriography 
coronary 
and atrial pacing vs. treadmill testing, 661 
assessing stress-induced regional malperfusion during, 557 
in thrombosis on Bjork-Shiley aortic valve prosthesis, 538 
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disease, 652 
Atherosclerosis 
absent, and left ventricular aneurysm, 658 
and serum lipoproteins, 588 
Atrial appendages, juxtaposition of, angiocardiographic observations 
in, 240 
Atrial fibrillation 
and Doppler ultrasound, 619 
in Wolff-Parkinson-White syndrome, 777 
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‘Atrial flutter 
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for, 215 
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in total anomalous pulmonary venous drainage, 850 
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Atrial septal defect 
ultrasonic contrast method to diagnose, 722 
Atrium, left 
communicating with right pulmonary artery, 857 
impulse formation in, 120 
in simulated left atrial tumor, 63 
Atropine to assess sinus node recovery time, 265 
Auscultation and heart sounds in diastole, 594 
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Blood flow 
across atrial septal defects, 339 
aortic, reversal of, and closure sound of prosthetic aortic valve, 
276 
arterial, after methylprecnisolone administration in acute myocar- 
dial infarction, 677 
coronary 
and intraaortic balloon counterpulsation, 552 
reserve 
and stress-induced regional malperfusion, 557 
and coronary stenosis, 48 
determination of, to assess myocardial revascularization after 
coronary artery bypass surgery, 129 
endocardial, and intraaortic balloon counterpulsation, 552 
myocardial 
after intraaortic balloon counterpulsation, 552 
coronary venous injection of isotope to assess, 545 . 
regional arterial 
after acute occlusion of superior mesenteric artery, 687 
after eating and exercise in experimental heart failure, 318 
velocity, left ventricular, during atrial arrhythmias, 27 1 
Blood pressure 
after acute occlusion of superior mesenteric artery, 687 
and plasma renin activity after methyldopa, 67 1 
aortic, and coronary stenosis, 48 
increased systolic, after phenylephrine infusion in patients with 
prolapsing mitral valve leaflets, 12 
left ventricular end-diastolic 
as prognostic guide in open heart surgery, 136 
in ischemic cardiomyopathy, 520 
spontaneous changes in, 23 
pulmonary arterial, in experimental myocardial infarction, 796 
systemic arterial, and hypoxia in experimental myocardial infarc- 
tion, 796 
reduction of, and dissection of thoracic aorta, 803 
Blood volume in idiopathic orthostatic hypotension, 288 
Book reviews 
Advanced Electrocardiology (Lempert), 880 
Advances in Cardiovascular Surgery (Kirklin, ed), 749 
Ballistocardiography: Research and Computer Diagnosis (Franke, 
ed), 880 
Cardiac Clinicopathological Conferences of The Massachusetts 
General Hospital (Castleman and DeSanctis, ed), 123 
Cardiac Pacing (Samet, ed), 621 
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Book reviews 


The Cardiovascular System. A Textbook of X-Ray Diagnosis 
(Shanks and Kerley, ed), 621 
The Myocardial Cell for the Clinical Cardiologist (Legato), 384 
Myocardial Diseases (Fowler), 749 
The Pathology of the Heart (Olsen), 880 
The Paul D. White Symposium on Cardiovascular Disease (Rus- 
sek, ed), 621 
Practical Pediatric Electrocardiography (Moss and Emmanouil- 
ides), 749 
Textbook of Coronary Care (Meltzer and Dunning, ed), 123 
Valvular Heart Disease. Cardiovascular Clinics (Likoff and Brest, 
ed), 750 
Bornholm disease and Coxsackie virus heart disease, 224 
Bowel, acute infarction of, and myocardial infarction, 687 
Bradycardia 
and amiodarone hydrochloride in Wolff-Parkinson-White syn- 
drome, 215 
sinus, and sick sinus syndrome, 265 
temporary right atrial pacing for, 325 
Brain abscess in congenital heart disease, 97 
Bronchus, compression of, by descending thoracic aortic aneurysm, 
610 
Bulboventricular foramen in common ventricle with acquired subaor- 
tic obstruction, 206 
Bundle branch block 
bilateral 
first degree heart block in, 259 
incomplete, complicating acute myocardial infarction, 1 
in experimental model, 309 
Bundle of His, canine, functional significance of transverse conduct- 
ing pathways in, 790 
Bypass grafts, blood flow in, and myocardial revascularization, 129 


Calcification in chronic constrictive pericarditis, 107 
Capillaries, myocardial, in myocardial infarction, 581 
Cardiac arrest and thrombosis on Bjork-Shiley aortic valve prosthe- 
sis, 538 
Cardiac catheterization 
after intracardiac repair of tetralogy of Fallot, 565 
in ischemic cardiomyopathy, 520 
in Lóffler's endomyocarditis, 606 
repeat, after medical treatment of coronary artery disease, 295 
Cardiac cycle length and compensatory pause in concealed bigemi- 
ny, 697 
Cardiac index 
after acute occlusion of superior mesenteric artery, 687 
as prognostic guide in open heart surgery, 136 
spontaneous changes in, 23 
Cardiac output 
and hypoxia in experimental myocardial infarction, 796 
echocardiographic study of, in long-term canine model, 72 
in idiopathic orthostatic hypotension, 288 
Cardiogreen dye and ultrasonic method of diagnosing valvular regur- 
gitation and intracardiac shunts, 722 
Cardiologist 
and development of cardiovascular drugs, 460 
profile of, 389 
(see also Special Reports) 
training of, in echocardiography, 737 
. Cardiomyopathy 
and risk of congestive heart failure in diabetic subjects, 29 
hypertrophic obstructive, 117 
and sudden unexpected death in children, 89 
in Sandhoff's disease, 83 
ischemic, and coronary artery disease, 520 
left atrial myxoma masquerading as, 838 
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Cardiomyopathy 
primary nonobstructive, ventricular shape, function and wall 
stress in, 627 
treatment of, 746 
Cardiovascular disease 
adult, manpower and training requirements for specialist in, 389 
and ventricular function with maximal exercise, 757 
animated manikin for teaching, 350 
Carotid artery, blood flow in, after acute mesenteric occlusion, 687 
Carrier state and salmonella septicemia, 865 
Catecholamines and plasma cyclic adenosine 3'5'-monophosphate 
in acute myocardial infarction, 7 
Catheters 
balloon-tipped, guidelines for use of, 117 
pulmonary arterial, and computerized scintigraphic technique for 
measuring ventricular volume, 179 
Central nervous system disease, electrocardiogram after diagnostic 
procedures for, 602 
Ceruloplasmin levels and generalized arterial disease in adolescent 
girl, 376 
Chest pain 
angina-like, myocardial lactate production in patients with, 501 | 
atypical, phenylephrine-induced, in patients with prolapsing mitral 
valve leaflets, 12 
Cholesterol, serum, and progression of coronary artery disease, 295 
Cinefluorography to evaluate aortic valve prosthesis, 276 
Circulation, assisted 
for acute myocardial infarction and shock, 873 
experimental, 552 
for preinfarction angina, 809 
Clot vs. thrombus and pathogenesis of acute myocardial infarction, 
868 
Colloidal dye injection studies of myocardial infarction, 58 1 
Compensatory pause in production of concealed bigeminy, 697 
Computer 
and patient simulator for teaching cardiovascular disease, 350 
and scintigraphy for measuring ventricular volume, 179 
Conduction 
atrioventricular 
and left ventricular blood flow velocity during atrial arrhythmias, 
271 
and refractory period of accessory pathway during atrial fibrilla- 
tion in Wolff-Parkinson-White syndrome, 777 
transverse, in canine bundle of His, 790 
Conduction defects, postmyocardial infarction, electrophysiology of, 
309 
Conduction disturbances, intraventricular, after acute myocardial in- 
farction, 1 
Congenital defects 
aorticopulmonary septal defect and interrupted aortic arch, 356 
atrial septal defect 
pulmonary venous return in, 339 
secundum, with mitral regurgitation, 333 
communication between right pulmonary artery and left atrium, 
857 
right aortic arch with ruptured aneurysm of anomalous left subcla- 
vian artery, 245 
Congenital heart disease 
and juxtaposition of atrial appendages, 240 
brain abscess in, 97 
cardiac involvement in Sandhoff's disease, 83 
idiopathic hypertrophic subaortic stenosis diagnosed by right ven- 
tricular septal biopsy, 142 
Connective tissue disease with angina pectoris in adolescent girl, 
376 
Conotruncal septum in Keeshond dogs, hereditary defects of, 187 
Contractility 
after coronary reperfusion, 164 
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Contractility 
in ischemic and nonischemic myocardium after coronary ligation, 
158 
Contrast medium 
and ultrasonic method of diagnosing valvular regurgitation and in- 
tracardiac shunts, 722 
hyperemic response after, and coronary flow reserve, 48 
* Copper levels and generalized arterial disease with angina pectoris, 
376 
Coronary arteries 
and capillary factor in myocardial infarction, 581 
collateral 
after physical training, 764 
and intraaortic balloon ccunterpulsation, 552 
and revascularization after coronary bypass surgery, 129 
during hyperemia after contrast injection, 557 
dominance of, and length of left main coronary artery, 787 
left anterior descending 
and anterior infarction, 513 
blood flow in, after acute mesenteric occlusion, 687 
left main, and pattern of coronary arterial distribution, 787 
ligation of 
contractility in ischemic and nonischemic myocardium after, 
158 
distinctive time course of ventricular vulnerability to fibrillation 
after release of, 42 
luminal narrowing of, and angina pectoris and congestive heart 
failure, 870 
normal, with angina-like chest pain, and myocardial lactate pro- 
duction, 501 
obstruction of, and left ventricular aneurysm, 658 
reperfusion of, contractility after, 164 
right, and inferior infarction, 513 
selective perfusion of, and length of left main coronary artery, 
787 
stenosis of 
and coronary flow reserve and resistance, 48 
and regional malperfusion during coronary arteriography, 557 
Coronary artery disease 
and anterior infarction, 513 
and congestive heart failure in diabetic subjects, 29 
and idiopathic hypertrophic subaortic stenosis, 815 
and ischemic cardiomyopathy, 520 
and premature closure of mitral valve, 367 
and sequential changes in left ventricular function, 23 
and serum lipoproteins, 588 
anterior left ventricular wall echoes in, 652 
atrial pacing vs. multistage treadmill exercise testing in, 661 
in adolescent girl, 376 
latent, maximal treadmill testing in epidemiologic study of, 770 
progression of 
and physical training, 764 
in medically and surgically treated patients, 295 
unstable angina pectoris in preocclusion syndrome, 744 
ventricular shape, function and wall stress in, 627 
(see also Surgery for coronary artery disease) 
Coronary care 
cost vs. effectiveness in, 748 
unit, early mobilization of patients in, 152 
Coronary endarterectomy and coronary artery bypass surgery, myo- 
cardial revascularization after, 129 
Coronary occlusion 
absence of, and left ventricular aneurysm, 658 
contraction abnormalities after, and limitations of myocardial re- 
vascularization, 164 
experimental, circulatory effects of hypoxia in, 796 
ventricular automaticity and reentry during, procainamide vs. lido- 
caine in, 17 1 
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Coronary occlusion 
ventricular fibrillation during and after release of, 42 
Coronary steal syndrome, existence of, 743 
Coronary syndrome, intermediate, treated by intraaortic balloon 
counterpulsation and surgerv, 809 
Coronary thrombosis 
in myocardial infarction, 823 
in pathogenesis of acute myocardial infarction, 868 
Corticosteroid therapy 
and Coxsackie virus heart disease, 224 
in acute myocardial infarction, 677 
Cough and primary leiomyosarcoma of pulmonary artery, 515 
Counterpulsation, intraaortic balloon 
and regional coronary blood flow in experimental myocardial in- 
farction, 552 
for acute myocardial infarction and shock, 873 
for preinfarction angina, 809 
Coxsackie virus myopericarditis, 224 
Cyanotic congenital heart disease and sudden unexpected death in 
children, 89 


Death, sudden 
after myocardial infarction, 152 
from cardiovascular disease in children, 89 
mechanisms of, after release of coronary occlusion, 42 
Defibrillation, blind, for cardiac arrest, 175 
Descending aorta, medical vs. surgical therapy for dissection of, 803 
Dextrocardia, classification of, 382 
Diabetes, role of, in congestive heart failure, 29 
Diastole 
heart sounds in, 594 
left ventricular function during, in mitral incompetence, 635 
Digitalis and response of ventricular pacemaker to sympathetic 
nerve stimulation and to isoproterenol, 704 
Dissociation, functional longitudinal, and transverse conducting path- 
ways in canine bundle of His, 790 
Drugs, cardiovascular, development and introduction of, 457 
(see also Special Reports) 
Ductus arteriosus, patent, and aorticopulmonary septal defect, 356 
Dyspnea and compression of pulmonary artery and bronchus by tho- 
racic aortic aneurysm, 610 


Eating, regional blood flow after, in experimental heart failure, 318 
Echocardiogram 
after surgical repair of traumatic arteriovenous fistula, 733 
and abnormal mitral valve motion during ventricular extrasystoles, 
783 
and anterior left ventricular wall echoes in coronary artery dis- 
ease, 652 
and stop-action cardiac ultrasonography in diagnosis of left atrial 
myxoma, 838 
in idiopathic hypertrophic subaortic stenosis, 360 
in simulated left atrial tumor, 63 
in thrombosis on Bjork-Shiley aortic valve prosthesis, 538 
in valvular pulmonary stenosis, 644 
in valvular regurgitation and intracardiac shunt, 722 
in vegetative aortic bacterial endocarditis, 845 
in ventricular septal rhabdomyoma, 842 
Echocardiography 
educational problems in, 741 
long-term canine model for, 72 
to assess left ventricular performance, 111 
Education 
for specialist in adult cardiovascular disease, 389 
(see also Special Reports) 


Education 
In cardiovascular disease 
animated manikin for, 350 
experimental production of murmurs for, 834 
in echocardiography, 741 
in pathologic physiology, MacCallum on, 577 
Eisenmenger's syndrome and sudden unexpected death in children, 


89 
Ejection click and cinefluorographic evaluation of aortic valve pros- 
thesis, 276 


Ejection fraction 
and end-diastolic volume in myocardial infarction, 513 
and spontaneous changes in left ventricular function, 23 
as prognostic guide in open heart surgery, 136 
determined by computerized radionuclide angiocardiography, 7 11 
left ventricular, scintigraphy for measuring, 179 
Electrocardiogram 
and extent of coronary artery disease, 513 
during acupuncture anesthesia for open heart surgery, 250 
during atrial pacing and multistage treadmill exercise testing, 66 1 
effects of cerebral angiography, pneumoencephalography, myel- 
ography and ventriculography on, 602 
in atrial septal defect with mitral regurgitation, 333 
Electrode stability in temporary transvenous right atrial pacing, 325 
Electrophysiology 
body surface potential maps in myocardial infarction, 302 
Mobitz type Il and paroxysmal atrioventricular block, 309 
ventricular tachyarrhythmias during and after release of coronary 
ligation, 42 
Embryology of right aortic arch with anomalous left subclavian ar- 
tery, 245 
End-diastolic fiber stretch in chronic constrictive pericarditis, 107 
Endocardial fibroelastosis in Sandhoff's disease, 83 
Endocarditis 
salmonella, after open heart surgery, 865 
vegetative aortic bacterial, echocardiogram in, 845 
Endomyocarditis, Lóffler's, unusual hemodynamics in, 606 
Epidemiologic study of asymptomatic men screened by maximal 
treadmill testing for latent coronary artery disease, 770 
Exercise 
isometric handgrip, and left ventricular filing pressure after myo- 
cardial infarction, 506 
maximal, and effects of cardiovascular disease and age on ven- 
tricular function, 757 
postprandial, homodynamics during, in experimental heart failure, 
318 
Exercise testing 
double Master vs. maximal treadmill and prediction of coronary 
artery disease, 770 
in mitral valve disease, 620 
treadmill 
and physical training, 764 
vs. atrial pacing, 661 
Extrasystoles, ventricular, and abnormal motion of mitral valve, 783 


Familial disease, Sandhoff's, cardiac involvement in, 83 
Fibrillation thresholds during and after release of coronary occlusion, 
42 
Fibrinogen, '?5iodine-labeled, and coronary thrombi in myocardial in- 
farction, 823 
Fibromuscular dysplasia and generalized arterial disease with angina 
pectoris, 376 
Fibrosis and sinus node recovery time in sick sinus syndrome, 265 
Fistula, arteriovenous 
traumatic, heart failure 63 years after, 733 
vs. total anomalous pulmonary venous drainage, 850 
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Food and Drug Administration in development of cardiovascular - 
drugs, 469 

Framingham study, and role of diabetes in congestive heart failure, 
29 


Glycosphingolipid metabolism, inborn error of, and cardiac involve- . 
ment in Sandhoff's disease, 83 

Granulomas, pulmonary, and generalized arterial disease in adoles- 
cent girl, 376 


Heart block 
atrioventricular 
angiographically induced, and right atrial pacing, 19 
first degree, in bifascicular block, 259 
second degree, classification of, 878 
intraventricular, and amiodarone hydrochloride in Wolff-Parkinsori- 
White syndrome, 215 
paroxysmal, and Mobitz type Il block, experimental model for 
study of, 309 
Heart disease 
congenital, and sudden unexpected death in children, 89 
ischemic, antithrombotic approach to, 823 
Heart failure 
congestive 
and angina pectoris in spectrum of symptomatic ischemic heart 
disease, 870 
and anterior infarction, 513 
and dissection of ascending aorta, 803 
and premature closure of mitral valve, 367 
and treatment of cardiomyopathies, 746 
role of diabetes in, 29 
63 years after traumatic arteriovenous fistula, 733 
experimental, postprandial vasoactivity in, 318 
Heart rate 
after cerebral angiography, 602 
after methylprednisolone administration in acute myocardial in- 
farction, 677 
and atrial pacing vs. multistage treadmill exercise testing, 661 
impaired, and maximal exercise, 757 
in idiopathic orthostatic hypotension, 288 
Heart sounds 
diastolic, 594 
produced by mid-diastolic closure of mitral valve, 367 
first, and mitral valve closure, 878 
of prosthetic aortic valve, mechanism of, 276 
second, in atrial septal defect with mitral regurgitation, 333 
His bundle electrogram in bifascicular block, 259 
His-Purkinje system in Mobitz type Il and paroxysmal atrioventricular 
block, 309 
Hematocrit and hemolysis in patients with aortic valve prosthesis, 
533 
Hemodynamics 
after eating and exercise in experimental heart failure, 318 
after intracardiac repair of tetralogy of Fallot, 565 
coronary, and coronary stenosis, 48 
in atrial septal defect, secundum, with mitral regurgitation, 333 
in chronic constrictive pericarditis, 107 
in communication between right pulmonary artery and left atrium, 
857 
in double aortic arch system, 854 
in Loffler’s endomyocarditis, 606 
in myocardial infarction and angina pectoris, 513 
in simulated left atrial tumor, 63 
in total anomalous primary venous drainage, 850 
of left ventricular performance, 111 
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Hemodynamics 
of methylprednisolone administration in acute myocardial infarc- 
tion, 677 
supine, in idiopathic orthostatic hypotension, 288 
Hemoglobin, serum, and hemolysis in patients with aortic valve pros- 
| thesis, 520 | 
. Hemolysis in patients with cloth-covered aortic valve prosthesis, 533 
Hemopericardium and dissection of ascending aorta, 803 
Hexosaminidase A and B, deficient activities of, in Sandhoff's dis- 
ease, 83 
Hospitalization, duration of, after acute myocardial infarction, 152 
Hull, Edgar, symposium in honor of, 580 
H-V interval and first degree heart block in bifascicular block, 259 
Hydrodynamics of poppet movement in aortic valve prosthesis, 276 
Hyperemia 
coronary, and Hypaque-M, 557 
reactive, in coronary artery bypass grafts, 129 
Hypertension 
drug therapy of, 471 
methyldopa and plasma renin activity in, 67 1 
pulmonary, and pulmonary valve motion in valvular pulmonary ste- 
nosis, 644 
systemic, and idiopathic hypertrophic subaortic stenosis, 815 
Hypokinesia, generalized, an& ventricular shape, function and wall 
stress, 627 
Hypotension, idiopathic orthostatic, circulatory dynamics in, 288 
Hypoxia, circulatory effects of, in experimental myocardial infarc- 
tion, 796 


Idiopathic hypertrophic subaortic stenosis 
abnormal mitral valve motion in, 360 
long-term surgical follow-up in, 815 
Immunosuppressant therapy and Coxsackie virus heart disease, 224 
Impulse formation in left atrium, 120 
113mindium studies during hyperemia after contrast injection, 557 
Infants, ultrasonic pattern of ventricular rhabdomyoma in, 842 
Infarct, myocardial, age of, and coronary thrombi, 823 
Infarction, transmural vs. subendocardial, and coronary thrombosis, 
823 
Infections after open heart surgery, 865 
Insulin and risk of congestive heart failure in diabetic subjects, 29 
International study of sudden unexpected death from cardiovascular 
disease in children, 89 


Inter-Society Commission for Heart Disease Resources, report on ` 


implantable cardiac pacemakers, 487 
(see also Special Reports) 
Intima, thickening of, in aortocoronary saphenous vein grafts, 526 
intracellular stimulation and functional significance of transverse 
conducting pathways in canine bundle of His, 790 
ischemia 
and capillary factor in myocardial infarction, 581 
anterior wall, and left ventricular wall echoes in coronary artery 
disease, 652 
long-term model of, in evaluating antiarrhythmic drugs, 35 
Ischemic heart disease, spectrum of, congestive heart failure and 
angina pectoris in, 870 
Isopotential distribution maps from ventricular wall elements, 302 
Isoproterenol and digitalis, ventricular pacemaker response to, 704 


Junctional rhythm after atropine in sick sinus syndrome, 265 


Keeshond dogs, hereditary defects of conotruncal septum in, 187 
Kinetocardiogram for assessing left ventricular performance, 111 
Kornfeld (1891), experiments on venous pressure by, 233 


55Krypton, coronary venous injection of, to assess blood flow in 
myocardial ischemia, 545 , 


Lactate production, myocardial, in patients with angina4ike chest 
pain, 501 
Lactic dehydrogenase and hemolysis in patients with aortic valve 
prosthesis, 533 
Left axis deviation and bundle branch block, first degree heart block 
in, 259 
Leiomyosarcoma, primary, of pulmonary artery, 615 
Length-tension relations after coronary ligation, 158 
Lentigo and idiopathic hypertrophic subaortic stenosis, 815 
Lidocaine 
large dose infusion techniques to evaluate resistance to, 342 
vs. Astra W36095, 35 
vs. procainamide and ventricular automaticity and reentry during 
coronary occlusion, 171 
Lipid storage disease in Sandhoff's disease, 83 
Loffler's endomyocarditis, unusual hemodynamics in, 606 
Lung 
function in mitral stenosis, 284 
left vs. right, ventilation and perfusion of, in mitral stenosis, 284 : 
perfusion and ventillation after aneurysmectomy, 6 10 


McCallum 
on experimental production of murmurs, 834 
on teaching of pathologic physiology, 577 
Manikin, animated, for teaching cardiovascular disease, 350 
Manpower requirements for specialist in adult cardiovascular dis- 
ease, 389 
(see also Special Reports) 
Maps, body surface potential, in myocardial infarction, 302 
Mesenteric artery 
ischemia of, after exercise in experimental heart failure, 318 
superior, hemodynamic consequences of acute occlusion of, 687 
Metabolic disorders 
and diabetic cardiomyopathy, 29 
and generalized arterial disease with angina pectoris, 376 
Methyldopa, plasma renin activity and blood pressure after, 67 1 
Methylprednisolone in acute myocardial infarction, 677 
Microelectrode technique and functional significance of transverse 
conducting pathways in canine bundle of His, 790 
Microscopy 
electron, and pathologic changes in aortocoronary saphenous 
vein grafts, 526 
light, in idiopathic hypertrophic subaortic stenosis, 142 
Mitral annulus calcification and idiopathic hypertrophic subaortic ste- 
nosis, 815 
Mitral incompetence, left ventricular function during systole and dias- 
tole in, 635 
Mitral insufficiency 
in Sandhoff's disease, 83 
quantitation of, by computerized radionuclide angiocardiography, 
711 
Mitral regurgitation 
and ischemic cardiomyopathy, 520 
and secundum atrial septal defect, 333 
during ventricular premature contractions, 783 
Mitral stenosis 
relative ventilation and perfusion of left vs. right lung in, 284 
vs. left atrial tumor, 63 
Mitral valve 
abnormal motion of, during ventricular extrasystoles, 783 
closure, and first heart sound, 878 
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Mitral valve 
diastolic heart sound produced by mid-diastolic closure of, 367 
disease, exercise testing in, 620 
in idiopathic hypertrophic subaortic stenosis, 360 
in simulated left atrial tumor, 63 
leaflets 
prolapse of 
during ventricular premature contractions, 783 


phenylephrine-induced atypical chest pain in patients with, 


12 
uneven septal contact of, in idiopathic hypertrophic subaortic 
stenosis, 360 
. prosthesis, Beall, death caused by fracture of, 371 
replacement 
for hypertrophic obstructive cardiomyopathy, 117 
for idiopathic hypertrophic subaortic stenosis, 815 
Mobilization, early, after acute myocardial infarction, controlled study 
of, 152 
Mobitz type Il and paroxysmal atrioventricular block, experimental 
model for study of, 309 
Murmurs 
experimental production of, Thayer and MacCallum on, 834 
loud continuous, in total anomalous pulmonary venous drainage, 
850 
systolic, in atrial septal defect with mitral regurgitation, 333 
Myectomy, transaortic, for idiopathic hypertrophic subaortic steno- 
sis, 815 
Myelography, cerebral, and electrocardiogram, 602 
Myocardial contractility 
after coronary ligation, 158 
after coronary reperfusion, 164 
during regional myocardial ischemia, 56 
in chronic constrictive pericarditis, 107 
in idiopathic orthostatic hypotension, 288 
Myocardial depressant factor and hemodynamics after acute occlu- 
sion of superior mesenteric artery, 687 
Myocardial imaging to assess coronary flow, 557 
Myocardial infarction 
acute 
accelerated idioventricular rhythm and paroxysmal ventricular 
tachycardia in, 667 
and hemodynamics after occlusion of superior mesenteric ar- 
tery, 687 
and left ventricular wall echoes in coronary artery disease, 652 
and shock, assisted circulation in, 873 
arterial pressure as determinant of left ventricular filling pres- 
sure after, 506 
controlled study of early mobilization after, 152 
coronary thrombosis in pathogenesis of, 823 
incomplete bilateral bundle branch block complicating, 1 
methylprednisolone in, 677 
pathogenesis of, 868 
phentolamine in, 875 
plasma cyclic adenosine 3'5'-monophosphate in, 7 
and progression of coronary artery disease, 295 
anterior, clinical, hemodynamic and cineangiographic aspects of, 
513 
anteroseptal, body surface potential maps in, 302 
capillary factor in, 581 
experimental 
and body surface potential maps, 302 
and circulatory effects of hypoxia, 796 
intraaortic balloon counterpulsation in, 552 
psychological stress and ventricular arrhythmias during, 692 
impending, treated by intraaortic balloon counterpulsation and sur- 
gery, 809 
inferior, clinical, hemodynamic and cineangiographic aspects of, 
513 
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Myocardial infarction 

posterior free wall, body surface potential maps in, 302 
Myocardial ischemia 

left ventricular function during, 875 

radioisotope labeling in, 545 

regional, left ventricular wall dimensions during, 56 
Myocardial mass 

determination of, to assess myocardial revascularization after 

coronary artery bypass surgery, 129 


Myocardial oxygen demands and intraaortic balloon counterpulsa- - 


tion, 552 
Myocardial revascularization 
after coronary artery bypass surgery, determination of blood flow 
and myocardial mass to assess, 129 
limitations of, and regional contraction abnormalities after coro- 
nary occlusion, 164 
Myocardial wall thickness as measure of myocardial function during 
regional ischemia, 56 
Myocarditis, Coxsackie virus in, 224 
Myofibers in idiopathic hypertrophic subaortic stenosis, 142 
Myxoma, left atrial, demonstrated by stop-action cardiac ultrason- 
ography, 838 


Nervous system, and ventricular arrhythmias in acute myocardial in- 
farction in dogs, 692 

Neurocardiac interactions, heuristic model for, 692 

Nitroglycerin and left ventricular filling pressure after myocardial in- 
farction, 506 

Nitroprusside and left ventricular filling pressure after myocardial in- 
farction, 506 

Noninvasive techniques for assessing left ventricular performance in 
man, 111 

(see also specific techniques) 


Ouabain and sympathetic nervous system, 704 
Oxygen 
consumption after physical training, 764 
saturation 
and brain abscess in congenital heart disease, 97 
in total anomalous pulmonary venous drainage, 850 
supply and demand, myocardial, in systolic click-murmur syn- 
drome, 12 


Pacemakers 
implantable 
and diastolic heart sounds, 594 
failure of, due to procainamide toxicity, 728 
status report and resource guideline, 487 
(see also Special Reports) 
in acute myocardial infarction complicated by incomplete bilateral 
bundle branch block, 1 
ventricular, and digitalis, 704 
Pacing 
atrial 
during selective aortocoronary saphenous vein bypass angiog- 
raphy, 19 
rapid, and atrial fibrillation in Wolff-Parkinson-White syndrome, 


ery F i 
right, to assess sinus node recovery time, 265 


temporary, new loop for, 325 
vs. multistage treadmill exercise testing, 661 
coronary sinus, and myocardial lactate production in patients with 
normal coronary arteries and chest pain, 501 
Papillary muscle of conus, hereditary defects of, 187 
Paravalvular insufficiency and cinefluorographic evaluation of aortic 
valve prosthesis, 276 
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Partial anomalous pulmonary venous return vs. single left pulmonary 
vein with normal pulmonary venous drainage, 237 
Passive elastic modulus in mitral incompetence, 635 
‘Patent ductus arteriosus 
and pulmonary vascular disease in complete transposition of 
great arteries, 75 
ultrasonic contrast method to diagnose shunting in, 722 
` Pathogenesis of acute myocardial infarction, 868 
coronary thrombosis in, 823 
Patient simulator for teaching cardiovascular disease, 350 
Pediatric cardiology 
common ventricle with acquired subaortic obstruction, 206 
—. Coxsackie virus heart disease in neonate, 224 
. dextrocardia, classification of, 382 
double aortic arch system producing obstruction to left ventricular 
outflow, 854 
generalized arterial disease with angina pectoris in adolescent 
girl, 376 
hemodynamics after intracardiac repair of tetralogy of Fallot, 565 
hereditary defects of conotruncal septum in Keeshond dogs, 187 
juxtaposition of atrial appendages, 240 
pulmonary vascular disease in complete transposition of great ar- 
teries, 75 
serum lipoproteins, measurement of, in children, 588 
sudden unexpected death from cardiovascular disease in children, 
89 
total anomalous pulmonary venous drainage with prominent right 
supraclavicular thrill and loud continuous murmur, 850 
ultrasonic pattern of ventricular rhabdomyoma in two infants, 842 
Perfusion of left vs. right lung in mitral stenosis, 284 
Pericardial tamponade and dissection of ascending aorta, 803 
Pericardiocentesis in acute suppurative amebic pericarditis, 103 
Pericarditis 
acute suppurative amebic, 103 
chronic constrictive, left ventricular function in, 107 
Coxsackie virus in, 224 
Pharmaceutical industry and development of cardiovascular drugs, 
469 
Phentolamine in acute myocardial infarction, 875 
Phenylephrine-induced chest pain in patients with systolic click mur- 
mur syndrome, 12 
Phonocardiography 
and cinefluorographic evaluation of aortic valve prosthesis, 276 
and heart sounds in diastole, 594 
Physical activity after acute myocardial infarction, 152 
Physical training and progression of coronary artery disease, 764 
Physician-echocardiographers, training of, 741 
Physiology, pathologic, McCallum on teaching of, 577 
Plasma renin activity after methyldopa, 67 1 
Plethysmogram, impedance. for assessing left ventricular perfor- 
“mance, 111 | 
. Picornaviruses in heart disease, 224 
_ Pneumoencephalography and electrocardiogram, 602 
Polygenic threshold model and hereditary defects of conotruncal 
septum, 187 
- Poppet movement in aortic valve prosthesis, 276 
P-R interval 
during atrial pacing stress test, 66 1 
prolonged, in bifascicular block, 259 
Premature beats, left atrial, ventricular blood flow velocity during, 
271 
Preocclusion syndrome, unstable angina pectoris in, 744 
Pressure 
arterial, as determinant of left ventricular filing pressure after 
acute myocardial infarction, 506 
gradient, transvalvular, in aortic stenosis, 120 
left ventricular filling, after myocardial infarction, arterial pressure 
as determinant of, 506 
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Pressure-volume relations, ventricular, in mitral incompetence, 635 . 
Procainamide 
toxicity and pacemaker failure, 728 
vs. lidocaine and ventricular automaticity and reentry during coro- 
nary occlusion, 171 
Prolapsing posterior leaflet syndrome and mitral incompetence, left 
ventricular function in, 635 
Propranolol 
and digitalis, ventricular pacemaker response to, 704 
for acquired subaortic obstruction in common ventricle, 206 
for idiopathic hypertrophic subaortic stenosis, 815 
Prosthesis 
Beall mitral valve, fracture of, 371 
Bjork-Shiley aortic valve, 538 
Starr-Edwards tricuspid ball valve, late thrombosis of, 737 
Pseudotruncus arteriosus and hereditary defects of conotruncal sep- 
tum, 187 
Psychological stress and ventricular arrhythmias during myocardial 
infarction in conscious dogs, 692 
Pulmonary arteries 
banding of, for large ventricular septal defect and complete trans- 
position of great arteries, 75 
caliber of, and intracardiac repair of tetralogy of Fallot, 565 
compression of, by descending thoracic aortic aneurysm, 610 
primary leiomyosarcoma of, 615 
right, and left atrium, communication between, 857 
Pulmonary arteriovenous fistula and single left pulmonary vein, with 
normal pulmonary venous drainage, 237 
Pulmonary edema 
acute, and thrombosis on Bjork-Shiley aortic valve prosthesis, 
538 
after fracture of Beall mitral valve prosthesis, 371 
Pulmonary histopathology in complete transposition of great arteries, 
75 
Pulmonary insufficiency, quantitation of, by computerized radionu- 
clide angiocardiography, 7 11 
Pulmonary stenosis 
and hereditary defects of conotruncal septum, 187 
and pulmonary vascular disease in complete transposition of 
great arteries, 75 
echocardiogram in, 644 
Pulmonary vascular disease in complete transposition of great arte- 


ries, 75 

Pulmonary vein, single left, with normal pulmonary venous drainage, 
237 

Pulmonary venous drainage, normal, in single left pulmonary vein, 
237 


Pulmonary venous return in secundum atrial septal defect, 339 


Quantitation of valvular insufficiency by computerized radionuclide 
angiocardiography, 7 11 


Radarkymography for assessing left ventricular performance, 111 
Radioisotope labeling in myocardial ischemia, retrograde coronary 
venous injection technique for, 545 
Radionuclide angiocardiography 
computerized, to quantitate valvular insufficiency, 711 
for measuring ventricular volume, 179 
Radionuclide studies | 
of regional malperfusion during coronary arteriography, 557 
to measure lung ventilation and perfusion in mitral stenosis, 284 
Reentry phenomenon, experimental model for, 697 
Refractory period 
compensatory pause in, and concealed bigeminy, 697 . 
of accessory pathway and atrial fibrillation in Wolff-Parkinson- 
White syndrome, 777 
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Rehabilitation after acute myocardial infarction, 152 
Rénal artery, blood flow in, after acute mesenteric occlusion, 687 
Renin-angiotensin system, and hypotensive action of methyldopa, 
671 
Reticulocyte count and hemolysis in patients with aortic valve pros- 
thesis, 520 
Reviews in cardiology, 124, 256, 383, 622, 749, 881 
Rhabdomyoma, ventricular septal, ultrasonic pattern in, 842 
Rhythm 
accelerated idioventricular, and paroxysmal ventricular tachycar- 
dia, 667 
bigeminal, compensatory pause in, 697 
junctional, after atropine in sick sinus syndrome, 265 
quadrigeminal, compensatory pause in, 697 
Risk factors and progression of coronary artery disease, 295 
Roentgenogram 
in communication between pulmonary artery and left atrium, 857 
in single left pulmonary vein with normal pulmonary venous drain- 
age, 237 


Sandhoff's disease, cardiac involvement in, 83 
Saphenous vein graft 
opacification of, atrial pacing to prevent arrhythmias during, 19 
pathologic changes in, 526 
Scanning, linear cardiac, and anterior left ventricular wall echoes in 
coronary artery disease, 652 
Scintiphotography 
and coronary venous radioisotope injection to assess myocardial 
blood flow, 545 
during hyperemia after contrast injection, 557 
for assessing left ventricular performance, 111 
for measuring left ventricular ejection fraction and end-diastolic 
volume, 179 
Septal artery, anterior, ligation of, and Mobitz type ll and paroxysmal 
atrioventricular block, 309 
Septicemia, salmonella, after open heart surgery in asymptomatic 
carrier, 865 
Serum lipoproteins, quantitation of, and coronary heart disease, 588 
Sex, female, and risk of congestive heart failure with diabetes, 29 
Shock and acute myocardial infarction, assisted circulation in, 873 
Shunts 
intracardiac, ultrasonic contrast method to diagnose, 722 
residual, after intracardiac repair of tetralogy of Fallot, 565 
Sick sinus syndrome, sinus nodal recovery time in, 265 
Sinoatrial block and sick sinus syndrome, 265 
Sinus node recovery time in sick sinus syndrome, 265 
Smooth muscle cells and pathologic changes in aortocoronary sa- 
phenous vein grafts, 526 
Sodium ampicillin for salmonella septicemia after open heart sur- 
gery, 865 
Sodium bicarbonate for procainamide toxicity, 728 
Sodium lactate for procainamide toxicity, 728 
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Training programs in cardiovascular disease, 429 
Sports and sudden unexpected death in children, 89 
S-T segment and maximal treadmill testing for latent coronary artery 
disease, 770 
Starr-Edwards tricuspid valve prosthesis, late thrombosis of, 737 
Stenosis, idiopathic hypertrophic subaortic 
diagnosed by right ventricular septal biopsy, 142 
long-term follow-up of surgery for, 815 
Stress, psychological, and ventricular arrhythmias during myocardial 
infarction in conscious dog, 692 
Stress testing, atrial pacing vs. multistage treadmill exercise, 661 
see also Exercise testing 
Stroke volume, atrial contribution to, 745 
Stroke work index 
and methylprednisolone in acute myocardial infarction, 677 
vs. plasma cyclic adenosine 3'5'-monophosphate in prognosis of 
acute myocardial infarction, 7 
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Subaortic obstruction, acquired, in common ventricle and transposi- 
tion of great arteries, 206 
Subclavian artery, anomalous left, ruptured aneurysm of, 245 
Subclavian steal syndrome and right aortic arch with ruptured aneu- 
rysm of anomalous left subclavian artery, 245 
Superior vena cava, persistent left, and idiopathic hypertrophic 
subaortic stenosis, 815 
Surgery 
and circulatory assistance in acute myocardial infarction and 
shock, 873 
and intraaortic balloon counterpulsation for preinfarction angina, 
809 
and left ventricular asynergy, assessed by sequential studies, 23 
and pulmonary venous return in atrial septal defects, 339 
aneurysmectomy, perfusion and ventilation changes after, 610 
aortic valve replacement and length of left main coronary artery, 
787 
cardiac, and sudden unexpected death in children, 89 
coronary artery bypass 
after coronary occlusion, limitations of, 164 
and atrial pacing, 19 
determination of blood flow and myocardial mass to assess re- 
vascularization after, 129 
_ for preinfarction angina, 809 
for atrial septal defect with mitral regurgitation, 333 
for common ventricle with acquired subaortic obstruction, 206 
for communication between right pulmonary artery and left atri- 
um, 857 
for coronary artery disease 
and cardiomyopathy, 520 
ejection fraction as prognostic guide in, 136 
mortality after, 745 
for cyanotic congenital heart disease to prevent brain abscess, 
97 
for dissection of thoracic aorta, 803 
for double aortic arch system producing obstruction to left ventric- 
ular outflow, 854 
for hypertrophic obstructive cardiomyopathy, 117 
for idiopathic hypertrophic subaortic stenosis, long-term follow-up 
of, 815 
for large ventricular septal defect and complete transposition of 
great arteries, 75 
for primary leiomyosarcoma of pulmonary artery, 615 
for salmonella septicemia after open heart surgery, 865 
for tetralogy of Fallot, hemodynamic evaluation after, 565 
for thrombosis on Bjork-Shiley aortic valve prosthesis, 538 
for traumatic arteriovenous fistula, 733 
for valvular heart disease, ejection fraction as prognostic guide in, 
136 
for vegetative aortic bacterial endocarditis, 845 
in infants with ventricular septal rhabdomyoma, 842 
mitral valve replacement for mitral regurgitation and atrial septal 
defect, 333 
open heart 
acupuncture anesthesia for, 250, 254 
ejection fraction as prognostic guide in, 136 
salmonella septicemia after, 865 
to replace fractured mitral valve prosthesis, 37 1 
tricuspid valve replacement, and late thrombosis of prosthesis, 
737 
vs. medical treatment 
and progression of coronary artery disease, 295 
for coronary artery disease and ischemic cardiomyopathy, 520 
for dissection of thoracic aorta, 803 
Sympathetic nerve, postganglionic, effect of ouabain on heart rate 
responses to, 704 
Sympathetic nervous system 
and digitalis, 704 
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Sympathetic nervous system 
inhibition of, and methyldopa, 67 1 
Symposia 
(see also Special Reports) 
Symposium in Honor of Edgar Hull, 581—605 
The capillary factor in myocardial infarction, 58 1 
Effects of cerebral angiography, pneumoencephalography, 
myelography and ventriculography on the electrocardio- 
gram, 502 
Introduction, 580 
Serum lipoproteins and coronary heart disease, 588 
Sounds of the heart in diastole, 594 
Systole, left ventricular function during, in mitral incompetence, 635 
Systolic click-murmur syndrome, myocardial oxygen supply and de- 
mand in, 12 
Systolic time intervals 
and P-R intervals, 745 
for assessing left ventricular performance, 111 


Tachyarrhythmias in Wolff-Parkinson-White syndrome, amiodarone 
hydrochloride for control of, 215 
Tachycardia 
and sick sinus syndrome, 265 
atrial, left ventricular biood flow velocity during, 27 1 
paroxysmal 
supraventricular 
in Wolff-Parkinson-White syndrome, amiodarone hydrochlo- 
ride for, 215 
left ventricular blood flow velocity during, 27 1 
treatment of choice for, 743 
ventricular, and accelerated idioventricular rhythm in acute 
myocardial infarction, 667 
ventricular, temporary right atrial pacing for, 325 
°°™T echnetium-macroaggregated albumin studies during hyperemia 
after contrast injection, 557 
Technicians, training of, for echocardiography, 741 
Tension development after release of short and long-term occlu- 
sions, 42 
Tetralogy of Fallot 
and hereditary defects of conotruncal septum, 187 
brain abscess in, 97 
ultrasonic contrast method to diagnose shunting in, 722 
Thayer on experimental production of murmurs, 834 
Thrill, prominent right supraclavicular, in total anomalous pulmonary 
venous drainage, 850 
Thrombosis 
late, of Starr-Edwards tricuspid valve prosthesis, 737 
on Bjork-Shiley aortic valve prosthesis, 538 
Thrombi 
coronary, age of, and myocardial infarction, 823 
prevention of, in temporary right atrial pacing, 325 
right atrial, in Loffier’s endomyocarditis, 606 
Tctal anomalous pulmonary venous drainage, with prominent right 
supraclavicular thrill and loud continuous murmur, 850 
Training for specialist in adult cardiovascular disease, 389 
(see also Special Reports) 
Transducer design in long-term canine model for echocardiography, 
72 
Transmembrane action potential and functional significance of 
transverse conducting pathways in canine bundle of 
His, 790 
Transposition of great arteries 
and common ventricle with acquired subaortic obstruction, 206 
and juxtaposition of atrial appendages, 240 
complete, pulmonary vascular disease in, 75 
dextro, brain abscess in, 97 
Tricuspid atresia and juxtaposition of atrial appendages, 240 
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Tricuspid incompetence and Doppler ultrasound, 619 
Tricuspid insufficiency, quantitation of, by computerized radionuclide 
angiocardiography, 7 11 
Tricuspid valve prosthesis, late thrombosis of, 737 
Tumor 
(see also specific type) 
of pulmonary artery, 615 
plop 
and stop-action ultrasonography, 838 
in diastole, 594 
simulated left atrial, hemodynamic, echocardiographic and 
cineangiographic study of, 63 


Ultrasound 
and pulmonary valve motion in valvular pulmonary stenosis, 644 
contrast method to diagnose valvular regurgitation and intracar- 
diac shunts, 722 
and tricuspid incompetence and atrial fibrillation, 619 
in diagnosis of left atrial myxoma, 838 
in ventricular septal rhabdomyoma, 842 
long-term canine model for, 72 
stop-action cardiac ultrasonography in diagnosis of left atrial myx- 
oma, 838 
to study left ventricular blood flow velocity during atrial arrhyth- 
mias, 271 
Ultrastructure of heart in Sandhoff's disease, 83 


Valvular regurgitation, ultrasonic contrast method to diagnose, 722 
Valve disease and sequential changes in left ventricular function, 23 
Valve prosthesis and diastolic heart sounds, 594 
Valve replacement, left ventricular ejection fraction as prognostic 
guide in, 136 
Vasodilation, mesenteric, after eating, in experimental heart failure, 
318 
Vein, vertical, in total anomalous pulmonary venous drainage, 850 
Vein grafts, aortocoronary saphenous 
opacification of, atrial pacing to prevent arrhythmias during, 19 
pathologic changes in, 526 
Venous pressure, experiments on (189 1), 233 
Ventilation of left vs. right lung in mitral stenosis, 284 
Ventricle 
common, with acquired subaortic obstruction, 206 
left 
normal, and normal coronary arteries with chest pain, and myo- 
cardial lactate production, 501 
relations of shape, function and wall stress in, 627 
right, fibrosis of, in Lóffler's endomyocarditis, 606 
Ventricular aneurysm 
after coronary ligation, 158 
and procainamide toxicity, 728 
Ventricular automaticity during coronary occlusion, procainamide vs. 
lidocaine in, 17 1 
Ventricular contractility and dissection of thoracic aorta, 803 
Ventricular dysfunction, severe, generalized, surgical treatment of, 
520 
Ventricular fibrillation after release of coronary artery ligation, time 
course of ventricular vulnerability to, 42 
Ventricular function 
and Astra W36095, 35 
and hypoxia in experimental myocardial infarction, 796 
and left ventricular filling and arterial pressure after myocardial in- 
farction, 506 
echocardiographic study of, in long-term canine model, 72 
left 
computerized scintigraphic technique for measuring, 179 
during regional myocardial ischemia, 56, 875 
during systole and diastole in mitral incompetence, 635 
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Ventricular function 
left 
in chronic constrictive pericarditis, 107 
in simulated left atrial tumor, 63 
noninvasive methods for assessing, 111 
spontaneous changes in, 23 
separation of effects of cardiovascular disease and age on, 
with maximal exercise, 757 ) 
Ventricular hypertrophy, left, in valvular, coronary or primary myo- 
cardial disease, 627 
Ventricular outflow 
left 
double aortic arch system producing obstruction to, 854 
obstruction in idiopathic hypertrophic subaortic stenosis, 815 
tract 
obstruction of, in ventricular septal rhabdomyoma, 842 
right, resection of, in repair of tetralogy of Fallot, 565 
Ventricular premature beats 
and maximal treadmill testing as predictor of future coronary ar- 
tery disease, 770 
mitral valve motion during, 783 
reentrant activity induced by, procainamide vs. lidocaine for, 17 1 
temporary right atrial pacing for suppression of, 325 
Ventricular pressure 
end-diastolic, left, in experimental myocardial infarction, 796 
filling, left, arterial pressure as determinant of, 506 
left, vs. myocardial wall thickness as a measure of myocardial 
function, 56 
Ventricular rate during atrial fibrillation and accessory pathway in 
Wolff-Parkinson-White syndrome, 777 
Ventricular reentry during coronary occlusion, procainamide vs. lido- 
caine in, 171 
Ventricular septal defect 
and double aortic arch, 854 
and juxtaposition of atrial appendages, 240 
and pulmonary vascular disease in complete transposition of 
great arteries, 75 
hereditary, and conotruncal septum in Keeshond dogs, 187 
salmonella septicemia after open heart surgery for, 865 
ultrasonic contrast method to diagnose, 722 
Ventricular septum, mitral valve contact with, in idiopathic hypertro- 
phic subaortic stenosis, 360 
Ventricular tachycardia 
after release of coronary artery ligation, time course of ventricular 
vulnerability to, 42 
and ouabain after sympathetic nerve stimulation, 704 
and procainamide toxicity, 728 
Ventricular volume 
left, spontaneous changes in, 23 
scintiphotographic measurement of, 111, 179 
Ventricular wall 
dimensions, left, changes in, during regional myocardial ischemia, 
56 
echoes, left, in coronary artery disease, 652 
motion, left, in systolic-click murmur syndrome, 12 
stress, meridional and equatorial, and ventricular function, 627 
Ventriculography, cerebral, and electrocardiogram, 602 
Virus, Coxsackie, in heart disease, 224 


Wenckebach conduction in experimental model, 309 
Wolff-Parkinson-White syndrome 
after cerebral angiography, 602 
amiodarone hydrochloride for control of tachyarrhythmias in, 215 
and atrial fibrillation, 777 


133X enon, coronary venous injection of, to assess blood flow in myo- 
cardial ischemia, 545 
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Picker's Echoview VIII-D 
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ultrasound system for use in 
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spoonful) contains potassium chloride 1.5 


Gm., supplying 20 mEq. of elemental 
potassium, in a cherry-flavored, palatable 
base, alcohol 4%. Contains no sugar. 
INDICATIONS: Treatment of potassium 
deficiency occurring especially during 
thiazide diuretic or corticosteroid therapy, 
digitalis intoxication, low dietary intake 

of potassium or as a result of excessive 
vomiting and diarrhea. 
CONTRAINDICATIONS: Impaired renal 
function, untreated Addison's Disease, 
dehydration, heat cramps, and hyper- 
kalemia. 

PRECAUTIONS: Potassium chloride 
should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patient, since the amount of defi- 
ciency and corresponding daily dose is 
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often not known. Excessive or even thera- 
peutic dosages may result in potassium 
intoxication. Patients should be frequently 


checked and periodic ECG and/or plasma 


potassium levels made. High plasma con- 
centrations of potassium ion may cause 
cardiac depression, arrhythmias or arrest. 
Use with caution in patients with cardiac 
disease. In hypokalemic states, attention 
should be directed toward the correction 


of the frequently associated hypochloremic 


&lkalosis. 

SIDE EFFECTS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listlessness, mental 
confusion, paresthesia of the extremities, 
weakness of the legs, flaccid paralysis, 
fall in blood pressure, cardiac arrhythmias, 
and heart block. When hyperkalemia 
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exists, it should be promptly treated with 
the discontinuance of potassium adminis- 
tration or other steps to lower serum levels 
if indicated, since sudden shift in plasma 
levels may induce potentially dangerous 
cardiac arrhythmias. 

DOSAGE AND ADMINISTRATION: Adults, 
one tablespoonful (15 cc.) diluted in one 
glass of water, twice daily after the 
morning and evening meal. Larger doses 
may be indicated according to the indi- 
vidual patient's requirements but should 
be administered under close supervision 
due to the possibility of potassium intoxi- 
cation. Patients should be cautioned to 
follow directions explicitly in regard to 
dilution of Kay Ciel Elixir to prevent 
gastrointestinal injury. 

HOW SUPPLIED: One pint and one gallon 
bottles. 
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ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 
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NIPRIDE (sodium nitroprusside 
Immediate, predictable contro 


When immediate steps must be taken to lower ex- 
cessive blood pressure, Nipride (sodium nitro- 
prusside) is a potent antihypertensive agent that 
acts by direct peripheral vasodilatation, accom- 
panied by reduction of total calculated peripheral 
vascular resistance. 


WORKS IMMEDIATELY. Nipride’s antihyperten- 
sive effect may be seen within seconds after the 
beginning of intravenous infusion. 


SHORT-ACTING. On cessation of Nipride admin- 
istration, blood pressure will begin to rise within 
seconds to reach pretreatment levels in one to 
ten minutes. Thus, with careful monitoring and 
titration of Nipride dosage, the physician may re- 
duce the patient’s blood pressure as rapidly as he 
deems advisable, stabilize it at the desired level, 
sustain that level for hours — a few days if neces- 
sary — or until slower-acting medications become 
effective. Administration of oral antihypertensive 
medication should be started early in the course 
of treatment and Nipride dosage reduced accord- 
ingly as blood pressure begins stabilizing at de- 
sired levels. With frequent monitoring, hypotensive 
episodes may be avoided since Nipride permits 
minute-to-minute control of the patient's blood 
pressure. 

Side Effects — reported side effects, such as 
nausea, retching, diaphoresis, etc., are probably 
related to excessively rapid lowering of blood pres- 
sure. Contraindications — compensatory hyper- 
tension, e.g., arteriovenous shunt or coarctation 
of the aorta. Compatibilities — oral antihyperten- 
sive medications may be administered simultane- 
ously with frequent monitoring to observe their 
additive effects. Response — consistent hypoten- 
sive effect regardless of patients' resistance to 
other antihypertensive medications. Reports of 
tachyphylaxis have been rare. 
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DOSAGE MUST BE INDIVIDUALIZED. Patient 
response varies widely over a range of 0.5 mcg/ 
kg/min to 8.0 mcg/kg/min. It is evident, there- 
fore, that infusion rates should be started at a 
minimal level, patient response observed for a few 
minutes, then dosage increased by a measured 
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Case A — A 44-year-old obese male patient, with a pri- 
mary diagnosis of essential hypertension, was admitted to 
a hospital with impending hypertensive encephalopathy. 
An infusion of Nipride (sodium nitroprusside) was started 
at approximately 25 mcg/min and then slowly increased 
to a dosage of 80 mcg/min during the first 40 minutes 
of administration. Dosage increase to 200 mcg/min at 
50 minutes and 100 minutes resulted in sharp drops in 
blood pressure. As soon as the infusion was reduced to 
80 mcg/min, there was an immediate rise in pressure 
to approximate levels previously observed with the same 
dosage. During Nipride administration, a single 40 mg IM 
dose of furosemide was given at approximately 100 min- 
utes. The patient was subsequently maintained on oral 
medication (furosemide 40 mg, q.i.d., and triamterene 
100 mg, q.i.d.). 


or IV infusion. 
n hypertensive crises. 


increment and the process continued until blood 


pressure has reached a desired level. As exam- NIPRIDE MIXING PROCEDURE 

ples of the procedure, Case A responded slowly, SG NOT ANTES ECNEOT acetate 
requiring increasing dosage increments; Case B Nipride must be prepared immediately before administration. 
responded rapidly, calling for a brief discontinu- Once prepared, solutions containing Nipride should not be 
ation of the infusion. kept or used longer than four hours. No other medication 


should be added to the solution. 
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MAP - Mean Arterial Blood Pressure * 
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furosemide (IV) 


1. Withdraw 2 to 3 ml of sterile dextrose in water only. Any 
commercially available sterile dextrose in water in ampul form 
may be used. 2. Aseptically add the dextrose in water to the 
50-mg Nipride vial. 3. Gently agitate to completely dissolve 


Case B — A 43-year-old male patient, with a primary diag- powder. 4. Add all of the reconstituted solution to 500 or 1000 
nosis of essential hypertension and secondary diagnoses ml of sterile 5 percent dextrose in water depending on desired 
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; concentration. 5. Promptly wrap Nipride solution in aluminum 
of impending left ventricular failure, headache and renal foil or other opaque material to protect from light. 6. Admin- 


failure, was admitted to a hospital in hypertensive crisis. ister prepared solution by infusion pump, micro-drip regulator 
Nipride (sodium nitroprusside) infusion was started at 100 or any similar device that will allow precise measurement of 
mcg/min, which produced a relatively small decrease in flow rate. 

pressure. Infusion rate was then doubled, resulting in a 
sharp drop in blood pressure. Infusion was stopped for ten 


minutes until blood pressure rose, then resumed at the 

100 mcg/min rate, which maintained pressure at a satis- 

factory level. Preliminary to discontinuation of Nipride, 

methyldopate HCI (500 mg IV) and furosemide (80 mg IV) 

were administered in single intravenous doses at 50 and di it D ide) 
TO minutes respectively. The patient was subsequently (SO IUM nl ro rusSsSI e) 
maintained on oral medication (methyldopa 500 mg, q.i.d., sth ec 


and furosemide 40 mg, q.i.d.). EMERGENCY BLOOD PRESSURE CONTROL 





Please see following page for complete product information. 
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i infusion with sterile 5% dextrose 
in water. Not for direct injection. 




































ë) in injectable form contains the equiva- 


ered vial. Chemically, sodium nitroprusside 

.Na;Fe(CN);NO:2H50. Nipride is a reddish- 
wn-powder which is soluble ir. water. .In 
ueous solution, it-is. photosensitive and 

hould be protected from light. 


CT IONS: Nipride is a potent, rapid acting, 
Xravenous antihypertensive agent. This ac- 
onis probably due to the nitroso (NO) group. 
s effect is almost immediate and ends when 
he IV infusion is stopped. The brief duration 
of the drug's action is due to its rapid con- 
version to thiocyanate. The hypotensive effect 
4s augmented by ganglionic blocking agents. 
(The. hypotensive effects of Nipride are 
Caused by peripheral vasodilatation as a result 
“of a direct action on the blood vessels, inde- 
pendent of autonomic innervation. No relaxa- 
‘tion is seen in the smooth muscie of the 
uterus or duodenum in Sita; in animals. 


"INDICATIONS: Nipride is indicated for the 
- immediate reduction of blood pressure of pa- 
Clients in hypertensive crises. Concomitant 
- oral antihypertensive medication should be 
- «Started while the hypertensive emergency is 
being brought under contro! with Nipride. 
oo There is no contraindication in using Nipride 
: simultaneously with oral antihypertensive 
medications. : 


_CONTRAINDICATIONS: Nipride should not 
"be used in the treatment of compensatory hy- 
_pertension, èg, arteriovenous shunt or co- 
.arctation of the aorta. 


WARNINGS: Nipride is only to be used as 
an infusion with sterile 5% dextrose in 
S water. Not for direct injection. 


Since an end product of Nipride metabo- 
dism, thiocyanate, inhibits both the uptake and 
"binding of iodine, caution should be exercised 
in using Nipride in patients with hypothyroid- 
sm or severe renal impairment, 

Blood levels of thiocyanate should be de- 
ermined if treatment is to be extended in 
patients with severe renal dysfunction. Al- 
hough intravenous infusions of Nipride are 
not intended for long-term use, as long as 
blood thiocyanate levels are measured daily 





bly safe to continue with the infusion until 
he. patient can be safely treated with oral 
ntihypertensive medications. 


ordingly. 

Usage in Pregnancy: The safety of Nipride 
in women who are or who may become preg- 
nant has not been established: hence, it 
-should be given only when the potential bene- 
fits have been weighed against possible haz- 
“ard to mother and child. 

Usage in. Children: The safety of Nipride in 


^. children has not been established. Clinical 


- Fera copy of the comprehensive Nipride Monograph, please — 
". write to Professional Services Department, Roche Laboratories, 
= : Division of Hoffmann-La Roche Inc., ‘Nutley, New "eee 071 10. 
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ESCRIPTION: Nipridé: {sodiuin nitroprus-- 


t of 50 mg of sodium nitroprusside — 
ydrate (sodium nitrosylpentacvanoferrate - 
]) in a 5-ml amber-colored, rubber-stop-- 


ind do not exceed 10 mg/100 ml, itis prob- 


Hypertensive patients are more seasitive io. 
he intravenous effect of sodium nitroprusside: 

han are normotensive subjects. Patients who. 

re receiving concomitant antihypertensive '- 
Yedications are more sensitive to the hypo- 
ensive effect of sodium nitroprusside and the 
losage of Nipride should be adjusted ace 





TT is limited. Further studies are in 
progress to determine its proper Dui and s 
. administration. 


PRECAUTIONS: Adequate facilities, equip-. 
ment and personnel should be available for ~ 
frequent. and vigilant monitoting of blood; 
pressure, -since the hypotensive effect of- 
Nipride (sodium nitroprusside) occurs rapidly... 
—. When the infusion is slowed or stopped, blood . 
pressure usually begins to rise immediately - 
-and returns to pretreatment levels within one 
to ten minutes. It should be used with caution . 
-and initially in low doses in elderly patients, | 


since they may be more sensitive to the hypo- 
tensive effects of the drug. 


Because of the rapid onset of action and - 


potency of Nipride, it should orefetably be 


. administered with the use of an infusion — 


pump, micro-drip regulator, or any similar 
device that would allow precise measurement 
of the flow rate. 

Once dissolved in solution, Mipride tends 
to deteriorate in the presence of light. There- 
fore, it should be protected from light by 
wrapping the container of the prepared solu- 
tion with aluminum foil or other opaque ma- 
terials. Solutions of Nipride should not be 
kept or used longer than four hours. 

Nipride in aqueous solution vields the ni- 
troprusside ion which reacts with even min- 
ute quantities of. a wide variety of inorganic 
and organic substances to form usually highly 
colored reaction products (blue, 3reen or dark 
red). If this occurs the infusion should be 
replaced. 


ADVERSE REACTIONS: Nausea, retching, 
diaphoresis, apprehension, headache, rest- 


lessness, muscle twitching, retrosternal dis- 


comfort, palpitations, dizziness and abdominal 
pain have been noted with too rapid reduction 
in blood pressure, but these symptoms rap- 
idly disappeared with slowing cf the rate of 
the infusion or temporary discontinuation of 
infusion and did not reappear with continued 
slower rate of administration. 

One case of hypothyroidism fallowing pro- 
longed therapy with intravenous sodium ni- 
troprusside has been reported. A patient with 
severe hypertension with uremia received 
3900 mg of sodium nitroprusside intrave- 
nously over a period of 21 days. This is one 
of the longest reported intravenous uses of 
this agent. There was no tachyphylaxis, but 
the. patient developed evidence of hypothy- 
roidism, together with retention ofthiocyanate 
(9.5 mg/100 mij. With peritoneal dialysis the 
thiocyanate level diminished and the signs 
of hypothyroidism subsided. 


DOSAGE AND ADMINISTRATION: The con- 
tents of a 50-mg Nipride vial should be dis- 


solved ins? to 3 ml of dextrose in water. No 
: other diluent should be used. Depending on 


the desired concentration, all of the prepared 
stock solution should be dilutec in 500 to 
1000 ml of 5 percent dextrose in water and 
promptly wrapped in aluminum foil or other 


opaque materials to protect from: light. Both | 
the stock solution and the infusion solution 
should be freshly prepared and any unused = 
portion discarded. The freshly prepared solu- 
tion for infusion has a very faint brownish tint. 
If it is highly colored, it should be discarded = 


(see PRECAUTIONS). Once prepared, the so- 


lution should not be kept or used tonger than © 
The infusion fluid used for the . 
administration of Nipride shouid not be em- - 
ployed as a vehicle for simultaneoes adminis- . « 
tration of any other drug. 


four hours. 


Sive medications, smaller doses : 
 anate and lessen the possibility of a p 


‘tous drop in blood pressure, the- maximum a M E 
-recommended dase is 800 ug/minute; e 7 7 


74 Vial = mq) Nipride (so (sod m, nitroprus si ide) | GOES e 
mi | 


‘of mean arteral pressure to-60 to 7 
. by infusien of sogi 
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In patients who are not receiving antihy- i 


pertensive drugs, the average dose of Nipride. 

ds 3 ug/kc/minute (range of 0.5 to 8 poi. 
kg/minute). Usually, an average of 200 pgi ^. < 
minute (range of 20 to 400 ug/minute) is — 


sufficient ta maintain the blood pressure at 36 


- to 40 percent lower than the pretreatment dia- 
. Stolic blood pressure levels. 





,in hypertensive 
patients receiving. concomitant. antihyperten- 
v pibe 








precipi- 






in 500 ml 5% D | ^m | 

Dose/kg  pg/k qm | ml/kg/min 
Average jv Ug a OR : 
Rance l 9. 5108 -0:005 to 0.08 

Dose for a 

70 ko patient ug/70 kg/min mi/70 kg/m 
Average » 200 2.0 
Range. 35 to 560 0.35 to 5.6 


The intravenous infusion of Nipride should 
be administered by an infusion pump, micro- 
drip regulator or any similar device that will 
allow precise measurement of the. flow rate, 
Care should be taken to avoid extravasation. 
The rate of administration should be adjusted 
to maintain the desired antinypertensive ef- 
fect, as determined by frequent blood. pres- 
sure determinations. Nipride infusion may be 
continued until the patien* can safely be 
treated with oral antihypertensive medications 


. alone, 
HOW SUPPLIED: Nipride: injectable is'SUp- ^. 


plied ir 5-m! amber-colored vials containing 
the equivalent of 50 mg. sodium. nitroprusside : 
dihydrate for reconstitution with. dextrose. in 
water (available singly and in packages of 10). 


HUMAN PHARMACOLOGY: Sodium nitro- 
prusside administered intravenously to hyper- 
tensive and normotensive patients. produced 
a marked lowering of the arterial blood pres- 
sure, sicht increase in heart rate, a mild de- 
crease in cardiac output and a moderate 
diminution in calculated tota! peripheral vas- 
cular res:star.ce. 

The decrease in calculated total peripheral 
vascular resistance suggests arteriolar vaso- 
dilatation. The decreases in cardiac and 
stroke index noted. may be due to the periph- 
eral vascular oooling of blood. . 

In hyperterisive patients, moderate depres- 


Sor doses induce renal vasodilatation roughly 


equivalent to the decrease in: pressure. with- 


out an appreciable- increase. in renal blood 


flow or a decrease in glomerular filtration. — 
* in normotensive. subjects, acute reduction 





| nitroprusside caused. 
significant increase in renin activity of renal 
lation with a degree of- 








reduction in pressu 


vascular nypertensi 


Compared with that i in normotensive subjects, * 
: whii ie in. the contralateral, unitwolved: eel pe 
of Te 










75 mm Hg. ^^ 


Renal response tofe-. c 
| rore striking in. rTenO- o 
"patients, with signifi- ` 
cant increase in renin release occurring from — ^07 
the involved kidney at mean arterial pressures. =o o 
ranging from 90 to 137 mm. Hg. Furthermore, . 

the magnitude of renin. release. from the: in- war 
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provides the drug information - 
that you rely upon? 


The great bulk of the material that 
reaches you concerning prescription 
drugs is provided or sponsored by 
the companies manufacturing them. 
Strict government monitoring re- 
quires this information to be tech- 
nically accurate but it cannot be said 
to be objective. 


To practice medicine at the highest 
level by using drugs most advanta- 
geously and safely it is critical that 
you rely on drug information that is 
objective, contparative and is updated 
regularly. That’s what the Modern 
Drug Encyclopedia is all about. The 
Modern Drug Encyclopedia is not a 
bound set of package inserts. It is an 
editorial product responsibly written 
to meet your drug referencing needs. 


The Modern Drug Encyclopedia is a 
compendium of over 3,000 pharma- 
ceuticals, biologicals and allergens 
written, compiled and edited by an 
independent team of physicians and 
pharmacists. It is organized alphabet- 
ically by generic name with a General 
Index by brand and generic name. A 
Therapeutic Index pinpoints and lo- 
cates which drugs are indicated, and, 
for even further flexibility, a Manu- 
facturer’s Index is also provided. The 


generic listing permits comparisons 
between drugs for the same indication 
and the free updating supplements in- 
sure that the information is the latest 
available. 


But the proof of the pudding is in the 
eating. As a professional courtesy we 
would like to send you the new 1975 
edition of the Modern Drug Encyclo- 
pedia to use for a full month at our 
risk and expense. If at the end of the 
month it has not provided you with an 
important and different source of 
drug information, simply return it 
and owe nothing. 


To order, complete and mail the reply 
card. To avoid disappointment, order 
now since our printing run is limited 
—Also save $4.00 on our special pre- 
publication price of $29.00. After 
publication the price will be $33.00. 
Scheduled for release—February/ 
March, 1975. 


Other Yorke Medical Group publica- 
tions include The American Journal 
of Medicine, The American Journal of 
Surgery, The American Journal of 
Cardiology, Cutis, Laragh’s Hyper- 
tension Manual, The Practitioners’ 
Dermatology, Mason’s Congestive 
Heart Failure. 
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THE MODERN DRUG ENCYCLOPEDIA—13th EDITION 


f 
j 


YORKE MEDICAL BOOKS 


AJC 12 


THE YORKE MEDICAL GROUP 666 Fifth Avenue, New York, New York 10019 


You've piqued my interest. Send me 


copies of the 13th Edition of Modern Drug 


Encyclopedia on a 30 day no risk approval basis, and enter my name to the 2 year free supplement 
service list. If MDE/13 is everything | hope it is, | will remit only $29.00* plus shipping. Otherwise, 
| will simply return it. Foreign Price— $36.00. 
SAVE MORE. Check here if enclosing $29.00* now. You save an additional dollar. Publisher 
absorbs shipping costs. Money back if you return the book. Foreign, enclose $36.00 U.S. funds. 


[ ] Bill me (shipping & billing charges $1.00 extra). 








NAME SPECIALTY 
ADDRESS 
CITY/TOWN 


BSAATREC I WD eu cc up uer 


ei RIS... AS 3. £34 a — m 



























THE AMERICAN. JOURNAL 
of CARDIOLO GY 


Production Manager: ‘Herbert V. pares Jr. 
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bre Telephone: 212-489-4683 

Marketing Director: Joseph L. Navitsky 

Telephone: 212-489-5754 
| Advertising Sales Manager: Robert C. Weidner 

Telephone: 212-489-5756 





2 ADVERTISING 
| REPRESENTATIVES: 


NEW YORK | 
—. Robert C. Weidner. 
—212-489-57506 
.666 Fifth Avenue 
New York, N. Y. 10019 


CHICAGO 
Wyman Carey 
— 312-648-5882 
222 South R verside Plaza 
Chicago, lll. 60606 


The Gould 220: 
the workhorse of 


biophysical recording. 


Why do Bo many hospitals and laboratories depend 
on the Gould 220? Just look at the features. 


The modular system provides two 40 mm analog 
channeis and two event channels and it accepts a 
broad range of biophysical plug-in signal condi- 
toners: s0 you can use tne 229 to measure almost 
any physiological parameter. The 220's pressur- 
ized writing system makes the sharpest, crispest 
traces of any recorder on the market. And the 220's 
99.5% linearity means you get accurate records 
you can trust. 


For all these reasons, the Gould 220 belongs in 
your hospital or laboratory. Write for details. Gould 
inc., Instrument Systems Division, 3631 Perkins 
Avenue, Cleveland, Ohio 44714. Or Kouterveld- 
straat Z/N, B 1920 Diegem, Belgium. 





DALLAS | 
Dick Eldredge 
—214-270-6461 | i 
1 580 Eastgate Drive, Suite 3 1 5 
Garland, Texas: 75041 


ATLANTA - B UN 
Robert H. Powell, Jr.. 
404-633-8296 
P.O. Box 49087 
Atlanta, Ga. 39329 
LOS ANGELES 
Julius |. Starkman 
—213-386-1852 


520 S. Lafayette Park PL, Room 220 
Los Angeles, Calif. 90057 


SAN. FRANCISCC 
Scott B. Hubbard 
—415-981-2594 
582 Market Street 
San Francisco. Cabf, 94104 


| The Gould 481. 
An 8-channel recorder 
with built in 
E Conners. 


The sould < AR E for a wide range of scientific and 
medical applicati 
T oo 
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The Third 
Step in 
Angina.’ 


After the classic 
“2-Step” Test aids 
in a diagnosis of 
angina, sustained- 
release Nitro-Bid^ 
(nitroglycerin) is a 
logical third step. 
Here’s why. 

In angina secondary to 


arteriosclerotic heart 
disease, sustained-release 











Another patient benefit product from [M| Vi 
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Nitro-Bid" (nitroglycerin) 
therapy assists in the 
"total management" 

of your patient. 


Nitro-Bid capsules reduce 
sublingual nitroglycerin 


requirements as they reduce 


the number of angina 
attacks...increase exercise 
tolerance. 


Sustained-release 
Nitro-Bid Plateau CAPS* 
providea 

metered sequence of 
medication during the 
night to protect against 
nocturnal angina attack. 


In titrating dosage, 

availability of 

different strengths 
"is quite an 

asset..." 

Nitro-Bid 2.5 and 

Nitro-Bid 6.5 capsules 

afford two dosage 

strengths for convenience 

in increasing or decreasing 


dose to accommodate 
patient symptoms. 





iere INC 
KANSAS CITY MISSOURI 64137 
















NITRO-BID 2.5 


(nitroglycerin 2.5 mg) 
Plateau CAPS” 


NITRO-BID 6.5 


(nitroglycerin 6.5 mg) 
Plateau CAPS” 


INDICATIONS 


Based on a review of this drug by 
the National Academy of Sciences— 
National Research Council and/or 
other information, FDA has classified 
the indications as follows: 


* "Possibly" effective: 
For the management, prophylaxis 
or treatment of anginal attacks. 
Final classification of the less-than- 
effective indications requires further 
investigation. 





Contraindications: Recent myocardial 
infarction, severe anemia, glaucoma, 
increased intracranial pressure, 
idiosyncrasy. 

Precautions: For ORAL, not sublingual, 
use. If blurring of vision or dryness of 
mouth occurs, discontinue drug. 
Tolerance may develop on long-term 
usage. 

Adverse Reactions: Occasional tran- 
sient headaches. Overdose may cause 
flushing, headaches, tachycardia, 
dizziness. 

Dosage: One capsule two or three 
times daily at 8 to 12 hour intervals. 
Reference: 1. Master, AM: The 
management of angina pectoris. Modern 
Medicine 38:92-100 (Feb 23) 1970. 
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